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This study was a quasi-experimental trials that compared relative effectiveness of 
Infographics Based Reusable Learning Objects Educational Intervention (RLO and 
Traditional Didactic Lectures (TDL). A total of 282 Clemson university students were 
randomized into four groups – Control, RLD, TDL and RLO+TDL and changes in their 
pre-test and post-test scores were compared before and after each interventions. Specific 
outcomes tracked included the number of correctly recognized symbols identifying a type 
plastic, the number of correctly answered question about the safety of using plastic food 
containers in a microwave and the satisfaction with the instruction. The analysis suggests 
that RLO intervention was more effective than TDL, for improving symbol recognition 
and for improving health perceptions of plastic food containers. In addition, satisfaction 
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Food manufacturers and marketers are using plastic containers and other 
packaging options to pack food products before distributing them to their target 
consumers. According to Cloes, McDowell, & Kirwan, (2003), the principal role of 
packaging is to protect food products from physical damage or exposure to oxygen, light, 
water vapor, bacteria and other contaminants. Another function of a package is to ship the 
food in a presentable and organized way. Packaging containers are also used to present 
information about food ingredients and its nutritional content. Unfortunately, there is a 
perception among a significant group of consumers that plastic containers may leach 
chemicals into the food and contaminate it with potentially toxic chemicals. 
Plastic food containers was be harmful. The inappropriate use of plastic 
containers, to heat or store food, may lead to food contamination and an adverse impacts 
on the health of consumers.  For this reason, it is important to educate consumers about 
proper use of plastic food containers. Many consumers lack knowledge about food 
packaging materials, such as slip additives, plasticizers, light stabilizers and polymers, 
that may potentially leach into food. Lack of knowledge and unfounded fears limit the 
use and reuse the plastic packaging containers by consumers.  
The practice of using and reusing plastic food packaging is not uncommon: many 
people use plastic containers again and again for all kinds of reasons. Some people like to 
use these containers to store liquids or other viscous materials, while others like to use 
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them for storage of solid food. Some consumers may occasionally use microwave ovens 
to reheat food stored in repurposed plastic, such as reheat food in plastic designed to store 
food.  
 
Rationale for the Study 
Microwave ovens are an essential kitchen appliance for many households. Many 
people cannot imagine their life without it. It has become an integral part of the kitchen 
especially for those who do not have much time to cook. Yet, the general public still 
incorrectly perceives that using plastic food containers in microwave ovens may be 
unsafe. 
Such perception is due to misinformation and myths that originate from various 
sources. For example, in the recent past, the hoax e-mails were disseminated to warn 
people of the dangers of using microwaving food in plastic containers. For example, 
Parsons (2008) reported on a large scale mass emailing incident in which that emails 
alleged many emails falsely alleging that John Hopkins University conducted a study 
showing that chemical compounds may leach out from plastic containers into foods and 
cause cancer. Even though John Hopkins University quickly issued rebuttal, the damage 
was done.   Having received these emails, many consumers began to wonder whether it 
was safe to microwave food in plastic containers. 
The food packaging industry has been struggling to overcome the perception that 
microwave food in plastic containers was unsafe for health. Even though the issue has 
been largely resolved through extensive research and media campaigns for cold plastics 
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used for products such as water or frozen food, plastic food containers used in the 
microwave are still perceived as unsafe by approximately 20%-30% of the population 
(von Goetz et al., 2013) .  
The segment of the food industry that manufactures and markets microwaveable 
food items packaged in plastic containers faces a challenge of educating the public about 
safety issues affecting plastic containers (von Goetz et al., 2013). In the past, this 
education mainly amounted to public relations efforts by that emphasized publication of 
articles in the traditional media such as magazines (good housekeeping) or television 
talk shows (Dr.Oz). However, these efforts were very expensive and could easily be 
nullified by competitors who published materials risks arising from use of plastic 
containers (von Goetz et al., 2013).  
If consumer knowledge about the safety of microwavable plastic containers were 
changed, a range of positive outcomes for the food industry and consumers could be 
expected, such as: 
 Increased consumer confidence in their knowledge of safe or unsafe 
microwavable plastic food containers. 
 Increased sales of food packaged in plastic containers. 
 Increased protection from competitors who allege that plastic food containers 
are not safe. 
 Reduced risk of ingestion of compounds, heat stabilizers, plasticizers, slip 
additives or, light stabilizers, etc.), that may migrate from plastic containers 
due to improper use usage by consumers, and contaminate food. 
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 To change consumer perceptions, the food packaging industry needs to educate 
the public about the proper usage of plastic containers. Specifically, the public needs to 
know: what types of plastic materials can be used and reused, when these materials 
should be disposed, and how these materials should be handled to avoid chemical 
contamination (Von Goetz et al., 2013). It is a social responsibility of the food industry 
to ensure that plastic containers are used by consumers in an appropriate manner (Boyce, 
Broz, & Binkley, 2008). To increase food safety and improve handling procedures, 
consumers should receive information pertaining to usage and handling of all types of 
food grade polymer containers (Von Goetz et al., 2013). 
Widespread adoption of the internet, smart phones and social media opened new cost 
effective e-learning consumer education opportunities (Bath-Hextall, Wharrad, & 
Leonardi-Bee, 2011). However, direct approach for education has not been very 
effective. Customers become quickly bored with material and poorly retain essential 
information about plastic containers. Therefore, improving e-learning methodology 
could improve customer understanding about the symbols of microwaveable plastic, and 
improve their perception of the safety of these containers (von Goetz et al., 2013).  This 
study will explore an innovative educational intervention to educate consumers about 
the safe use of the effectiveness of plastic containers and the ability to change their 
perceptions of safety associated with use of plastic containers in microwave ovens. 
 
Research Objectives 
The objective of the study is to: 
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1. Determine whether infographics based reusable learning objects (RLO) were 
better than a Traditional Didactic Lectures (TDL) for improving knowledge and 
perceptions about microwave usage of plastic containers.  
2. Determine if student satisfaction was higher for reusable learning objects (RLO) 
intervention when compared with a Traditional Didactic Lectures (TDL) 
intervention. 
The following research questions guided the study. 
 Research Question #1: Out of RLO, TDL and TDL+RLO, what is the best 
intervention to help in correctly identifying recognized symbols microwaveable 
plastic? 
 Research Question #2: Out of RLO, TDL and TDL+RLO, what is the best 
intervention to change perceptions of health risks of food in microwaveable 
containers?  
 Research Question #3: Out of RLO and TDL, which intervention results in 












Overview of the Plastics Food Packaging 
Plastic food containers are a ubiquitous items in many American households. The 
usage of food grade plastic containers has been increasing over the years.  By the year 
2010, the amount of plastics produced surpassed three million tons (Halden Rolf, 2010). 
Different types of plastics used in food packaging are derived mostly from the petroleum 
industry. These materials may contain some chemical components, additives and 
monomers, which could may transferred from food packaging into food (Bhunia, Sablani, 
Tang, & Rasco, 2013). In other words, food contamination may occur through migration 
of chemicals from the plastic containers. This happens because manufacturers may add 
small quantities of potentially toxic substances, such as a polymer substrate or estrogen 
disrupting plasticizer called Bisphenol A (Bhunia et al., 2013). Under normal use, those 
substances are present at concentrations that may not cause any harmful health effects. 
Safe concentrations are established by regulatory agencies, such as Food and Drug 
Administration, using information from toxicity and safety studies. However, if a plastic 
container designed for cold products is heated in a microwave, then it may produce a 
significant amount of chemicals, such as Bisphenol A (BPA), Phthalates, Vinyl Chloride, 
Dioxin, Styrene, dibutyl phthalate (DBP), diisobutylphthalate (DiBP), oleamides, 
erucamide, stearamide, oleyl palmitamid, and stearyl erucamide (Bhunia et al., 2013). 
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High rates of using plastics has generated a substantial amount of controversy 
about potential health hazards associated with long term usage of these containers 
(Bhunia et al.,2013). In general, plastic food containers are considered safe. However, if 
plastic containers are used in an unintended manner, such as microwave heating of plastic 
containers designed for cold products, consumers potentially expose themselves to the 
elevated risk of ingestion of toxic components used to manufacture plastic containers.  
 
Regulations 
There are national and international laws that regulate the food industry to limit 
food contamination and health risks on consumers (Stollenwerk, 2012). The Food and 
Drug Administration are the largest agency that administer food safety regulations in the 
United States respectively. Regulatory protections to prevent health hazards associated 
with the use of plastic containers have been established for long time, yet they offer very 
little protection against misuse of plastics by uninformed consumers. These safeguards do 
not fully prevent health hazards related to food packaging containers because consumers 
may use plastic containers for unintended purposes, such as heating a container in a 
microwave. 
 
U.S. Food and Drug Administration (FDA) Safety Standards 
The U.S. Food and Drug Administration (FDA) regulates packaging material only 
to an extent that components of the packaging may enter the food (FDA, 2016). If there is 
any possibility that container material may contaminate food (i.e. become an additive), 
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then it is necessary to determine whether a packaging material is on the FDA clearance 
list (FDA, 2016).The clearance list provide information for each packaging material on 
maximum allowable concentration in food, cumulative estimated daily intake and 
conditions under which food grade plastics can be safely used. If, for instance, it all 
materials in a container are on the list, then no FDA clearance is required for such 
material. Most commonly used polymers, such as low density polyethylene (LDPE), high 
density polyethylene (HDPE), polypropylene (PP), polyvinyl chloride (PVC), 
polystyrene (PS) or polytetrafluoroethylene, are cleared by FDA for food applications 
subject to conditions of use, such as freezing or heating (FDA, 2016). 
Furthermore, according to the FDA, mixtures of substances are considered to 
have clearance if each individual substance is cleared (FDA, 2016). The only exception 
to this rule is if components of a mixture can chemically react with each other.  
Clearances are typically listed for a particular condition involving product use (FDA, 
2016). The FDA does not approve, bur the container could be in coupling for use at room 
temperature, but the same product cannot be approved for serving hot food. In case a 
material is not on the cleared list, then the FDA will require a food manufacturer to 
submit a food contact notification which (FCN) (FDA, 2016). This document, by law, is 
required to contain detailed information about safety of this material (FDA, 2016). 
For some materials, such as plasticizers, slip additives, light stabilizers or BPA, 
typically used in plastic packages, the FDA sets maximum permissible concentration 
levels (FDA, 2016). The permissible levels are set by FDA based on the totality of 
evidence, including toxicity, chemical properties, quantities likely to be ingested by 
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humans, physiological effects and environmental effects (FDA, 2016). At this time, the 
FDA believes that plastic containers are safe if used under approved conditions (FDA, 
2016). It is essentially up to an end-user to decide whether a particular container is 
suitable for using in the microwave or not. 
 
Consumers’ Perceptions on the Safety of Food Packaging 
Consumers often reuse the containers that are used to package food products, 
either for storage or food preparation. However, many consumers are not fully aware of 
the risks with the improper use of plastic containers. Currently, safety information about 
food is not adequately presented on food containers. According to Solomon, (2009), 
many manufacturers focus on the packaging acceptability because consumers are more 
likely to be impressed by how the product is presented rather than the product itself. 
Manufacturers optimize the attractiveness of food packaging by changing design 
elements such as color, topography, illustration, texts, graphical shapes and images 
(Ampuero & Vila, 2006; Underwood, Klein, & Burke, 2001). If a packaging container 
does not impress the consumers, then they are less likely to buy the product.  
However, many food manufacturers overlook the fact that many consumers will 
not buy their products because of the perception that plastic containers in which the food 
is shipped are unsafe (Becker, van Rompay, Schifferstein, & Galetzka, 2011; Rababah, 
Hao, Yang, Eriefej, & Al-Omoush, 2012; Rebollar, Lidón, Serrano, Martín, & Fernández, 
2012). For this reason, the manufacturers should educate consumers about the safety of 
plastic containers (Venter, van der Merwe, de Beer, Kempen, & Bosman, 2011).  They 
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can approach consumer education by placing a QR (quick response code; a type of 
barcode) to an online educational program. The consumers may then scan the QR code 
and learn more about both the product and the safety of plastic containers. Evidence 
suggests that QR codes can be effective tools for consumer education. For example, QR 
codes have been successfully used for consumer education about safety genetically 
modified food (Shiang-Yen, Foo, & Idrus, 2013). The perception that plastic containers 
are not completely safe has some basis because there may be factors that plastic 
processors may not be able to fully control.  For example, plastic manufacturers may 
recycle plastic containers extracted from post-consumer waste. There are some risks 
associated with utilization of recycled containers because no recycling process can 
completely remove residues of raw materials that consumers may have stored in this 
container (Covell, 1995; Franz, Mauer, & Welle, 2004). For example, some consumers 
may use plastic containers to store household chemicals such as pesticides, herbicides, 
solvents or some other potentially toxic chemicals. In the next section, some of the 
reasons why consumers believe that plastic containers may be unsafe are discussed. 
 
Perceived Mechanisms of Food Contamination 
There is a prevalent belief among consumers that food contamination risks may 
increase if new plastic containers are made from recycled ones. Some studies indeed 
suggest that this might the case (Covell, 1995; Franz et al., 2014; Komolprasert & 
Lawson, 1997; Barthélémy et al., 2014). According to Covell (1995), it is a common 
practice for companies to recycle plastic containers. The practice is especially popular in 
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the European countries. The challenge is that, a severe contamination from foreign 
chemicals, such as pesticides, may occur if consumers used these containers to store toxic 
substances. When these containers return to the food industry and are reprocessed, the 
newly made plastic containers could become incidentally contaminated with unknown 
substances. Due to these risks, a scrupulous quality control program is in place at many 
manufacturing facilities (Komolprasert & Lawson, 1997). Tests are always used to detect 
contaminants before a reprocessing step (Barthélémy et al., 2014). If necessary, these 
containers can be washed. However, the effectiveness of washing methods has been 
questioned (Covell, 1995; Franzet al., 2004; Barthélémy et al., 2014). 
Franz, Mauer and Welle (2004) conducted a study to determine the levels of 
contaminants on food packages from recycled polyethylene terephthalate. They showed 
that the simple washing of reusable food packaging and containers did not fully clean the 
containers to remove all contaminants. This result indicates that some common household 
or industrial chemicals that were previously stored in a plastic container may leach into 
food even after recycling process. Studies have suggested use of more sophisticated 
detectors along with visual inspections to detect any contaminated food packaging and 
containers prior to reusing (Komolprasert & Lawson, 1997).  Jetten (1999) showed that 
refillable bottles might contain chemicals from a previous refilling that could contaminate 
the subsequent refilling. Studies were carried out to determine whether the cleaning 
processes in the recycling companies were effective (Barthélémy et al., 2014). Virtually 
all of them detected one or more risks associated with recycling and reusing of plastic 
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containers. Although many of these risks have been addressed, consumers’ perceptions 
are may still be guided by these findings (Barthélémy et al., 2014). 
In addition to the use of recycled containers, many consumers believe that use of 
plastic containers in the microwave may be unsafe. Although, paper, glass, plastic or 
ceramic containers can be safely used for microwave cooking, estimated food 
temperatures must be taken into account when selecting packaging material (Robertson, 
2012). When in contact with a hot food, some plastics may reach the melting 
temperatures or temperatures that are high enough to result in significant leaching of 
chemicals from a packaging container into the food (Robertson, 2012). 
Negative perception and fear of plastics is not entirely unfounded. Many 
consumers have seen deterioration of plastic containers when these containers were 
exposed to hot liquids. From a perspective of an ordinary consumer, the assumption that 
plastics may leach out dangerous chemicals appears to be reasonable (von Goetz et al., 
2013). What many consumers fail to recognize is that there are many different types of 
plastics. The plastic materials utilized for bottling water may be different from those used 
for microwaveable foods. Plastic water bottles are typically made from polyethylene 
terephthalate (PET) (Keresztes, Tatár, Czégény, Záray, & Mihucz, 2013). Vicat point for 
this material is only 82º C which means that a bottle would lose its shape if heated in a 
microwave (Keresztes et al., 2013). These bottles are not designed for containing hot 
products. They may be unsafe if heated (Keresztes et al., 2013). 
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Email Hoaxes   
Email hoaxes is another reason why the public perceives plastics as dangerous. 
Some of these messages have been circulating in the first decade of the 21st century 
(Halden, 2010; Pike-Paris, 2005). These emails perpetuated various myths about plastic 
packaging, such as that bottled water should not be stored in a freezer or that plastic 
containers should not be placed in a microwave ovens. It was further alleged that plastic 
containers may release dioxins and cause cancer (Halden, 2010; Pike-Paris, 2005). 
Despite the fact that these claims had no scientific basis, many people took these 
messages seriously and informed their friends and relatives about alleged hazards of 
plastics (Halden, 2010; Pike-Paris, 2005).  As a result, the perception that plastics are 
unsafe remains a part of the folklore. 
 
Lack of Awareness 
Many consumers are unaware how to read and interpret plastic material 
specification labels commonly embossed on plastic containers (von Goetz et al., 2013). 
This perception negatively impacts sales of food sold in plastic containers (von Goetz et 
al., 2013).The food packaging industry needs to find cost effective ways to change 
perceptions of consumers about the safety of food grade microwaveable plastics. 
Typically, low-density polyethylene, polypropylene or high density polyethylene 
are used to manufacture plastic food containers that are expected to be used in the 
microwave (Robertson, 2012). Sometimes, manufacturers may put a label or a pictogram 
 14 
on a plastic container, such as those shown on Figure 2.1, to indicate that a specific 
material can be safely used in the microwave. 
 
Figure 2.1. Symbols that indicating that a plastic container is safe for using 
in a microwave 
 
However, such a label is not required – some containers without a label can be 
just as safe as those with a label (Robertson, 2012). This inconsistency increases 
confusion among consumers. Below, the operation of microwave ovens and issues related 
to microwave heating of plastic containers are discussed to identify potential food 
contamination risks associated with this operation. 
 
Overview of Microwave Ovens 
Microwave ovens are common household devices available in almost every 
household in the developed countries (Awuah, Ramaswamy, & Tang, 2014). In the 
United States, their penetration rate is over 100% meaning that some households have 
more than one device. Microwave ovens utilize electromagnetic radiation for food 
heating. Typically, a microwave system consists of a magnetron and a resonant cavity. 
The magnetron is a type of a vacuum tube that generates an oscillating electro-magnetic 
field inside a resonant cavity (Awuah et al., 2014). As a result, standing waves 
corresponding to some appropriate fundamental frequency form inside the resonant 
 15 
cavity (Awuah et al., 2014). Through a waveguide, these waves are directed towards food 
inside a microwave. Because microwave radiation can be harmful for humans, many 
microwaves utilize multiple layers of safety measures to prevent radiation from escaping 
the interior of a microwave. 
The typical frequency of operations is 2450 MHz which corresponds to a 
wavelength of 12.2 centimeters (Awuah et al., 2014). Industrial microwaves in the United 
States operate at lower frequency of 915 MHz and the corresponding wavelength of 32.8 
cm.  The advantage of microwave ovens over other methods of heating is that they enable 
faster and more efficient heating, however the major disadvantage is that they may result 
in non-uniform food heating (Awuah et al., 2014). 
 
Heating Mechanism 
Electromagnetic waves, under certain conditions, can be absorbed by food 
components and cause the temperature of food components to increase (Awuah et al., 
2014). Heating of food by microwaves involves a set of several interrelated physical 
processes. The energy of electromagnetic waves can be transmitted to food either through 
ionic polarization or dipole rotation. Under both mechanisms, only the electric field 
component of an electromagnetic wave is accountable for energy transfer from the wave 
to a food sample. 
In case of the ionic polarization, the electric field of an electromagnetic wave 
causes collective oscillation of ions present in a food material (Awuah et al., 2014). 
These oscillations cause the increase in a food temperature due to collision of moving 
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ions with other molecules (Awuah et al., 2014). Ions, such as Na+, K+ or Cl-, can often 
be found in food. These ions are the product of dissociation of components of a table salt 
such as NaCl or KCl). Higher concentration of ions tends to increase a material’s 
absorptivity of electromagnetic waves. This means that materials with higher 
concentrations of ions tend to heat faster as compared to ion free materials. 
Under the dipole rotation mechanism, the molecules do not move, but rotate 
(oscillate) under the influence of the electromagnetic field (Awuah et al., 2014). This 
mechanism primarily affects polar molecules characterized by a non-uniform distribution 
of an electric charges. Although, taken as a whole, polar molecules are electrically 
neutral, different parts of such a molecule may have either excessive positive or negative 
charges (Awuah et al., 2014). The electric field in an electromagnetic wave acts on these 
positive or negative charges causing a molecule to rotate or vibrate. Since these 
molecules are typically in close proximity to other adjacent molecules, they impart 
energy to their neighbors resulting in the increase of the temperature in the food sample 
(Awuah et al., 2014). 
In the vast majority of cases, the dipole rotation mechanism dominates that of 
ionic polarization (Awuah et al., 2014). This is partly due to the fact that many foods are 
characterized by a high content of highly polar water molecules and relatively small 
quantities of ions (Awuah et al., 2014). To large extent, the distribution of water inside a 
food sample would determine it is thermal behavior in a microwave oven. 
The amount of the energy of an electromagnetic wave that can be absorbed by a 
material is highly dependent on several factors. It is possible to quantify physical 
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properties of food that define its thermal behavior under microwaving conditions. In 
general, the power dissipated in a field can be defined as (Awuah et al., 2014). 
P_d=ωϵ'/2 |E|^2 tan 
In this formula, ω is an angular frequency of the field that can be considered 
constant for a microwave. The amplitude of an electric field E reflects a property of 
microwave radiation. Finally, the loss tangent is defined as (Awuah et al., 2014): 
Tan δ = ε'' / ε' 
The quantity ϵ'' is called dielectric loss factor that characterizes how well a 
particular material would absorb electromagnetic waves (Awuah et al., 2014). The higher 
the dielectric loss factor ϵ'', the faster a material would heat in a microwave. Other 
physical characteristics that play role in microwave heating include dielectric constant ϵ' 
and penetration depth. Although for common materials values of dielectric loss factor and 
dielectric constants are known, materials are rarely pure or uniform and for this reason 
these constants may need to be measured. In general, these constants depend on 
temperature, field frequency, density, composition of a material, moisture content and 
other factors (Awuah et al., 2014). For example, the dielectric loss factor for water is 
much higher than for ice. 
The penetration depth refers to a distance that electromagnetic waves penetrate 
into a food sample (Awuah et al., 2014). This measure is highly variable depending on a 
food material. The penetration depth for water is 16.8 mm, while for ice it is 11,615 mm. 
Typically, but not always, exterior regions of a food specimen receive more 
energy from electromagnetic waves as compared to regions closer to a core because the 
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electric field is more attenuated on the  inside of a sample as compared to the outside. 
The penetration depth must be considered when packaging foods designed for microwave 
use. It is possible to change penetration depth by addition of salt (Robertson, 2012). 
 
Plastics in a Microwave Oven 
Many plastics are dielectrics (Awuah et al., 2014). Dielectrics are the materials 
that do conduct electricity.  Poor electric conductivity means that dielectric materials only 
weakly interact with electromagnetic waves (Awuah et al., 2014).When electromagnetic 
waves pass through dielectric they do not generate electric current. As a result, plastic 
food containers are transparent to electromagnetic radiations and only absorb a negligible 
amount that of electromagnetic energy. These is a considerable variation in dielectric loss 
factors for different materials. For example, the dielectric loss factor for water is 25ºC 
while for polyethylene it is only 0.003 MHz (Awuah et al., 2014). The dielectric loss 
factor is a dimensionless constant (Awuah et al., 2014). 
Unless a plastic container contains components that absorb electromagnetic 
waves, such as pieces of wire, the choice of plastic material is largely irrelevant from the 
standpoint of its capability to absorb electromagnetic waves (Robertson, 2012). What is 
relevant of the maximum temperature of food inside a container that may be reached? 
Some plastic containers not designed for microwave use, may melt or become warped 
due to contact with a food. The ultimate choice of whether to use a particular plastic for a 
given application is up to a consumer (Robertson, 2012). A manufacturer can only 
provide information of a suggestive nature. 
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Using the microwaves to prepare foods in plastic, (or any other containers 
transparent to microwave radiation), has been known to be associated with several 
problems (Robertson, 2012). These problems include lack of crispiness, non-uniformity 
of temperature distribution, run-off or boil-out toppings or sauces, inappropriate heating 
rates, non-uniform moisture loss and lack of color development (Robertson, 2012).  To 
address these problems, recent years saw the development of multilayer plastic containers 
with valves that allow to prevent moisture loss through evaporation and maintain steamy 
conditions within a container (Robertson, 2012). These containers typically consist of 
Low-density polyethylene LDPE outer layer and Polypropylene PP inner layer bonded to 
a Polyethylene terephthalate PET substrate to ensure robust seal and excellent heat 
resistance (Robertson, 2012). As stated above, plastics per-se are not heated by 
microwave radiation. Heating of plastic containers that does occur is primarily due to the 
contact with food. 
Huang, Zhu, Chen, Li and Li (2014) conducted a study that documented 
accelerated plasticizer migration from starch ester films covering plastic container to milk 
that was associated with microwaving. In addition, micro-defects in starch ester films 
enlarged during heating and permitted plasticizer to leach out from the plastic substrate. 
Similarly, Alin and Hakkarainen (2012) found that microwave heating increased 
migration of chemicals, such as 9, 9-dimethylxanthene and m-tert-butyl-phenol, from 
plastic packages.  Although the quantities migrated from the plastic were well below the 
threshold of safety, the study nonetheless suggests that microwave heated triggered 
degradation of plastics that could significantly increase the amounts of leachates. 
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Overview of Infographics and Reusable Learning Objects 
To address consumer perceptions about health hazards associated with 
microwaving plastic food containers an educational intervention utilizing infographics 
based reusable learning objects (RLO) may be appropriate. The following discussion 
outlines what this intervention and why it may be an effective mechanism for changing 
consumer perceptions. 
 
What is Infographics?   
Infographics is an innovative method of displaying complex information as a 
combination of charts, diagrams, words, numbers and visual images that amplify a 
message and make it easy to understand in a short period of time. A more formal 
definition of infographics was offered by Smiciklas (2012) who stated that infographics 
was “a visualization of data or ideas that tries to convey complex information to an 
audience in a manner that can be quickly consumed and easily understood.”(p.1). 
Infographics has been used in many domains of human activity such as healthcare, 
education, law, political campaigns, emergency response, epidemiology, public policy, 
marketing, business and others. Infographics is useful in any area where there is a need to 
communicate complex information in a clear, understandable, aesthetically appealing and 















Figure 2.2. Infographic An example 
 
Infographics History 
Infographics has been used throughout the human history. Very first examples of 
infographics can be traced back to times when humans first began to paint animals on 
cave walls approximately 30,000 ago (Smiciklas, 2012). These cave paintings are 
probably the first known examples of infographics. Egyptian hieroglyphs dating back to 
3000 BC is another one of the earliest examples of infographics.  
Gradually, with the invention of book writing and printing, the use of infographics 
became more frequent. In 1350, Nicole d’Orseme produced the first of the graphs to 
illustrate how to measure moving objects (Smiciklas, 2012). William Playfair pioneered 
data visualization by publishing “The Commerical and Political Atlas and Statistical 
Breviary” in 1786 to explain the use of pie charts, linear graphs and bar graphs 
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(Smiciklas, 2012). In the next century, Florence Nightngale introduced the Coxcomb 
chart to depict the number of causalities and causes of deaths among soldiers who fought 
in the Crimean war (Smiciklas, 2012). 
In the modern era (1930s), Otto Neurath created, a so called Isotype model, to 
teach concepts and ideas in the form of pictures and icons. In between 1970 and 1990 
mainstream news media such as USA Today, Time Magazine and The Sunday Times 
began to use infographics to enhance their appeal to readers and increase the impact of 
their communications (Smiciklas, 2012). Finally, in the late 20th and early 21st century, 
the availability of graphics workstations greatly simplified creation of infographics leding 
to the explosive growth in use of this visual communication tool (Smiciklas, 2012). 
 
Research on Infographics 
Research exposes several findings about infographics. First is that it may 
communicate complex information much more effectively as compared to traditional 
textual or tabular reports. Second is that it is desirable to tailor infographics framed 
messages to target audience. Research also suggests that infographics communicates in a 
more memorable way. In some cases, infographics approaches in its impact a much richer 
media, similar to same effectiveness video (Arcia et al. 2015; Occa and Suggs, 2015; 
O’Connor, 2015). 
There is some research suggesting that infographics can be a more effective 
means of information conveyance than other methods. Crick and Hartling (2015) 
compared responses to presentation of results of systematic reviews in the form of 
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infographics and a standard critical appraisal format. They found that preference between 
critical infographics appraisals was dependent on the group of users. Nurses preferred 
infographics while physicians indicated greater preference towards critical appraisal 
formats. Both groups of participants found infographics more aesthetically appealing as 
compared to critical appraisal. This study underlines the importance of matching 
infographics-delivered messages to a type of the audience. 
Arcia et al. (2014) evaluated the application of infographics in presenting health 
information to participants with a low degrees of health literacy. It was found that 
infographics was an effective mechanism for motivating changes in health related 
behaviors among these groups of individuals. The results also indicated that infographics 
designs that employed repeated icons were not appropriate for the community because 
participants with low health literacy tend to interpret them literally. For example, when 
participants saw a picture of a food pyramid with a body weight scales, they assumed that 
they should weight themselves every day. Yet, the original meaning of the scales was to 
be conscious about keeping body weight in check. Such interpretation led to message 
distortion. Arcia et al. (2014) concluded by suggesting that infographics should be 
information rich, should use context framing and be sufficiently accurate to allow literal 
interpretation. 
Occa and Suggs (2015) compared the effects of narrative (text) and didactic 
(traditional lecture) infographics to effects of narrative and didactic videos with respect to 
health related behaviors associated with breast cancer screening. Although videos 
resulted in greater increase of awareness of breast cancer screening themes, the 
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infographics also resulted in statistically significant increase.  There was no statistically 
significant difference between infographics and video with respect to awareness, 
knowledge and intention for screening against breast cancer. Infographics (effect size d = 
0.23) was inferior as compared to video (d = 0.78) with respect to attitude related to 
breast cancer screening. The lesson that can be learned from this study is that 
infographics delivers results that are not much worse than those of video.  
O’Connor (2015) discussed opportunities for improvement of pathology results 
reporting using infographics.  This review pointed out that integrating graphical data into 
pathophysiological reports, may reveal patterns that may be difficult to notice otherwise. 
Infographics may be useful for both clinicians and patients alike because it transforms 
complex data into information that stimulates cognitive skills of observers. In addition, 
graphical presentation stimulates precision, clarity and efficiency as compared to tabular 
or textual reports. 
Summarily, all of the studies examined strongly support the notion that 
infographics can play an important role as communication media. However, research that 
utilized well-designed randomized controlled trials about infographics is limited. There is 
a gap in the literature about the effectiveness of different types of infographics, such as 
didactic or narrative. In addition, infographics is still an art. To increase the practical 
relevance of infographics, this study tests an infographics based intervention to obtain 




Using Infographics in Education 
The studies reviewed above indicate that research about the use of infographics 
has been primarily disseminated and researched in the area of communications. However, 
there is no reason why educational efforts cannot expand to other areas. Educators were 
quick to recognize the benefits of infographics for a broad range of educational activities 
and subjects. In reference to the application of infographics in education, Heer, Bostock 
and Ogievetsky (2010) pointed out that it “can replace cognitive calculations with simple 
perceptual inferences and improve comprehension, memory, and decision making. By 
making data more accessible and appealing, visual representations may also help engage 
more diverse audiences in exploration and analysis.”(p.59)  
Satisfaction of students with infographics is typically high. Vanichvasin (2013) 
conducted a cross-sectional survey to evaluate the effectiveness of infographics using a 
purposive sample of (n = 20) students. A purposive sample is a non-probability sampling 
technique in which participants are selected based on subjective judgment of a research 
(Howell, 2016). These students opined that infographics resulted in excellent appeal, 
comprehension and material retention. Students were also very satisfied with graphics 
rich presentation of results. 
Infographics can accelerate learning. Kennedy et al. (2014) used infographics to 
teach data analytics to students (n = 262) attending schools in Philadelphia. It was found 
that knowledge of descriptive statistics among these students were able to be learned 
much more quickly in an allocated period of time as compared to a traditional approach. 
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Quicker learning means that infographics can be a great tool for improving academic 
achievement beyond what is achievable with current methods. 
Islamoglu et al. (2015) pointed out that use of infographics was recognized as an 
important competency for teachers. These authors suggest that design, use and theory 
behind infographics should be taught as a part of formal teacher education. Specifically, 
they suggest that cognitive theory of multimedia learning (CTML) should be 
incorporated in teachers’ training. 
 
Reusable Learning Objects 
Research suggests that improvement in e-learning can be achieved through 
utilization of RLO to accelerate the learning process (Fleiszer et al., 2004). RLOs are e-
learning resources that feature visual, oral, rich graphics and simulations to teach learners 
based on their needs (Figure 2.3). These objects are discrete and typically target a single 








 Figure 2.3. An example of a Reusable learning object. 
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RLOs are based on the decoupling and cohesion model (Fleiszer et al., 2004). The 
principle of cohesion states that each unit of learning material should address a single and 
specific learning goal (Boyle, 2003) The principle of decoupling states that each learning 
object should be decoupled from other learning objects, syllabus goals, learning 
objectives or knowledge context (Boyle, 2003). 
There is strong scientific evidence that utilization of RLOs in e-learning improves 
educational outcomes. Bath-Hextall et al., (2011) found that online RLO interventions 
increased student understanding of the material to a greater degree than an online 
traditional didactic lectures (TDL).   
Windle et al., (2011) conducted a randomized controlled trial to compare the 
effectiveness of RLOs used in self-study to self-study without RLOs. Then found that 
RLOs significantly improved learning effectiveness (Windle et al., 2011). Many students 
believed that RLOs significantly improved their retention of organic chemistry material. 
RLOs have been successfully used in many knowledge domains such as mathematics, 
nursing, physics, medicine, pharmacology, food science, computer science and marketing 
(Button, Harrington, & Belan, 2013; Keefe & Wharrad, 2012; Bath-Hextall et al., 2011). 
The evidence for the effectiveness of RLOs that has emerged over the last decade 
overwhelmingly suggests that application of these principles can make significant 
advances in e-learning (Button et al., 2013). 
 
Infographics Based Reusable Learning Objects 
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According to the National Assessment of Adult Literacy (NAAL) approximately 
30 million USA individuals have difficulty in performing basic reading tasks (Cutilli & 
Bennett, 2009). Only about 12% of consumers recognize potential impact of plastic 
containers on their health (Halden, 2010). (Cutilli & Bennett, 2009). Because of reading 
difficulties, communicating information about the safety and appropriateness of plastic 
containers should be conducted in a manner that is easy to understand (Cutilli & Bennett, 
2009). Simplicity is also important because those, such as children, having the least 
reading ability or lowest level of health literacy tend to be at the highest risk of exposure 
to chemicals from microwaving plastic containers (Halden, 2010).  
Infographics has been found to the one of the most effective ways to improve 
knowledge of consumers about a variety of topics. The advantage of infographics is that 
it communicates the information quickly and does so in a simple and easy to understand 
manner. This is possible because, unlike text messages, infographics relies on symbols, 
pictures and text (Otten, Cheng, & Drewnowski, 2015). The amount of text is usually 
minimized and simplified text is presented to ensure that it is understood even by 
individuals whose reading level is limited. Graphics and symbols may also communicate 
too much wider audience because they are not language dependent. Thus, there is less 
need to translate education material to other languages, such as Spanish. 
Studies suggest that visuals in presentations may significantly improve 
communications (Arcia, Suero-Tejeda, Bales, Merrill, Yoon, Woollen, & Bakken, 2015). 
Prior to designing a presentation, it is necessary to define the target audience because it 
will define how the presentation is crafted and delivered. Additionally, certain principles 
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must be followed to ensure the effectiveness of infographical presentations. Images 
included must be compelling to audiences while at the same time not distracting from the 
key message (Arcia et al., 2014). Simple drawings are recommended for infographics 
because they avoid unnecessary details and help consumers to stay focused. 
Infographics that start with the most important points and explaining which 
actions should be taken are more effective as compared to presentations made without 
adherence to these principles. Limiting the number of messages in infographics materials 
is also important because it allows a target audience to focus on what is the most 
important (Arcia et al., 2014). Words selected should be short, preferably consisting of a 
small number of syllabus. Sentences should not be more than eight words long. 
Communication should be natural. For example, instead of saying that “plastics may 
leach toxic chemicals”, a message stating that “you can get sick from microwaving 
plastic” would likely be more effective (Cutilli & Bennett, 2009). The presentation of text 
within the context of infographics materials is also important. For instance, 
unconventional fonts or scripting should be avoided (Cutilli & Bennett, 2009). Ideally, 
text in infographics should be avoided. 
Gallagher and Updegraff (2012) also recommend that messages in health related 
communications should be gain as opposed to loss framed. For example, instead of 
saying that chemicals from plastic containers may be toxic, it is more important to 
emphasize the benefits of appropriate container usage. 
It should be pointed out that RLOs may or may not include infographics. That is, 
RLO is not a type of inforgraphics, however properties of RLO, such as reusability, 
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context independence and small size, make it naturally very useful for incorporation of 
infographics. 
 
Additional Points about Plastic Containers to Address in Infographics 
Children are especially at risk when using microwave containers because, due to 
their young age, they are unlikely to fully understand the full scope of potential risks 
associated with the use of plastic containers (Cutilli & Bennett, 2009). Thus, infographics 
should emphasize that parents should teach their children about the safe use of plastic 
containers and closely supervise them when they use microwaves to reheat their food. 
Ideally, parents should reduce the possibility that children may use plastic containers 
without supervision. This goal can be accomplished by keeping microwaveable unsafe 
plastic containers that children may conceivably use when reheating food away from 
them.  
Another point that infographics should address is that when consumers are in 
doubt whether or not a plastic container is microwave safe, they should avoid using such 
a containers. Instead, they should place food into a container that is known to be 
microwave safe. It is critical that an infographics presentation explains health 
consequences that may result due to using inappropriate plastic containers in a 
microwave. In addition, an infographics should strive to prevent confusion among 
consumers by emphasizing that a plastic container safe for one time use may not be 
necessarily be safe for multiple cycles of the microwave (Meadows, 2002).  
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In an infographic, it should also be noted, that a microwave safe plastic container, 
that contain cracks or scratches or has been used multiple times, may be less safe as 
compared to new ones because they potentially leach more unhealthy chemicals 
(Meadows, 2002). Thus, even microwave safe plastic containers should not be used for a 
long time. Consumers should replace an old plastic container as soon as an opportunity 
arises. 
 
Traditional Didactic Lecture (TDL) 
A traditional didactic lecture (TDL) has been a dominant method of instruction in 
educational institutions (McCullough & McCullough, 2016; Richardson, 2008; Zahid, 
Varghese, Mohammed, & Ayed, 2016). These lectures can take place in both online and 
classroom settings. This mode of intervention involves delivery of a material to groups in 
a linear and stepwise manner. Lectures can be oral, but they can also be supplemented 
with graphical and text materials. An instructor has full control over what material will be 
delivered, in what sequence and what pace (McCullough & McCullough, 2016). 
Research suggests that there are several advantages associated with TDL 
(Richardson, 2008). A carefully structured and delivered lecture can be a powerful 
educational intervention. As previously mentioned, one advantage is that an instructor 
has full control over the material. As a result, instructors are better equipped at meeting 
curriculum. The second advantage is that a talented instructor can use a lecture to arouse 
students’ interest in a subject or expose students to unpunished ideas. Finally, the third 
advantage is that lectures require very little effort on part of a student. 
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The key disadvantage of TDL is that most students play rather passive role during 
a lecture (McCullough & McCullough, 2016). For this reason, learning outcomes are not 
maximized. Furthermore, students have to learn material at the pace it is delivered by an 
instructor. At any given pace there will be students in a class who perceive the pace as 
either too fast or too slow. This means that some students may not be fully grasp some 
concepts, while others may become disengaged from the subject. 
With proliferation of online learning environments, many educational institutions 
still rely on TDL as a primary mode of instruction (McCullough & McCullough, 2016). 
Typically, they deliver lectures in form of PowerPoint presentation or video recordings. 
However, research found that TDLs fail to take advantage of high degree of interactivity 
afforded by online environments. For these reason, many studies explored alternative 
learning approaches, such as RLO or interactive lectures (McCullough & McCullough, 
2016). 
 
Health Belief Model 
Both TDL and RLO interventions described above can benefit from application of 
the Health Belief Model (HBM). Research suggests that effectiveness of psycho-
educational health-related interventions can be significantly enhanced if they are 
designed using the HBM (Khateeb, 2011; Rosenstock, 1974; Rosenstock, Strecher, & 
Becker, 1994; Strecher, Champion, & Rosenstock, 1997) Figure 2.4.The HBM may be 
used to comprehend as well as to modify behavior. This model was introduced in the 
early 1950s and has undergone multiple refinements over time (Rosenstock, 
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1974).Variables, or concepts, at the foundation of this model include perceived severity, 
perceived susceptibility, perceived barriers, and perceived benefits, with self-efficacy 
added or integrated into subsequent HBM refinements (Rosenstock, Strecher, & Becker, 
1994). A key use of the HBM in designing research interventions is that interventions 
should target these constructs to maximize the probability of eliciting beneficial changes 
in health-related behaviors.   
Perceived severity and susceptibility to cancer, for instance, due to use of plastic 
containers in the microwave, may be addressed by teaching participants that misuse of 
plastic may have a detrimental impact on their health and that adverse health outcomes 
may occur if safety rules are neglected. Participants may also be educated that if they 
microwave a plastic food container that was not designed for such purpose, then toxic 
chemical may leach into their food and may eventually cause them to become sick. 
However, this threat can be averted if they check labels on plastic containers and follow 
the recommendations of an educational tool such as an infographic. Cues to action, like 
an infographic, may include a refrigerator magnet to remind oneself about safe use of 
plastic containers.  
To help participants to overcome perceived barriers and increase their perception 
of benefits associated with change in behaviors, an educational intervention may be 
utilized to explain how to overcome barriers and what benefits will result from changes in 
behavior. A barrier can be the lack of understanding of how to identify a microwave safe 
container. To eliminate this barrier, an infographics may show and describe symbols that 
participants should look for to identify a type of a plastic (Appendix J). An additional 
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benefit of using appropriate plastic containers that could be emphasized in an intervention 
may be the improved taste and odor of a food.  
Virtually, thousands of studies have found the HBM to be effective in changing 
health-related behaviors. For example, Ahadzadeh, Pahlevan, Sharif, Ong and Khong 
(2015) applied the HBM to understanding how people use the internet to locate health-
related information. Using a sample of Malaysian women, they found that HBM’s 
constructs, such as perceived susceptibility, were strongly associated with internet use to 
locate health related information. Bishop, Baker, Boyle and MacKinnon (2015) found 
that patients who had high scores representing HBM constructs were more likely to 
engage in challenging safety practices, such as asking health care providers to wash their 
hands before touching them. Iranagh, Rahman and Motalebi (2016) tested a HBM-based 
12-week nutrition education program that targeted elderly women. Iranagh et al. (2016) 
found that using the HBM constructs of perceived benefits, perceived susceptibility, 
perceived barriers and self-efficacy resulted in positive changes in nutritional behaviors. 
Kim, Ahn and No (2012) conducted an exploratory factor analysis to identify factors that 
impacted nutritional behaviors of 251 college students. A factor structure that emerged in 
this analysis closely resembled the theoretical structure of HBM. That is, each factor 
identified could easily be matched to an appropriate construct of HBM. The above cited 
studies are only a small subset of available studies that support the validity and 
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This chapter outlines the methodology used in the study. Specifically, the study 
design, study participants, and the methods used to collect and analyze the data needed to 
assess the study objectives are discussed below.  
Research Objectives 
The objective of the study was to determine whether infographics based reusable 
learning objects were better than TDL for improving knowledge and perceptions about 
microwave usage of plastic containers. In addition, the objective was to determine if 
student satisfaction with the instruction was higher for reusable learning objects (RLO) 
when compared with Traditional Didactic Lectures (TDL) intervention. The following 
research questions guided the study. 
 Research Question #1: Out of RLO, TDL and TDL+RLO, what is the best 
intervention to help in correctly identifying recognized symbols for 
microwaveable plastic? 
 Research Question #2: Out of RLO, TDL and TDL+RLO, what is the best 
intervention to change perceptions of health risks of food in microwaveable 
containers?  
 Research Question #3: Out of RLO and TDL, which intervention results in 




Based on the scientific evidence, it can by hypothesized that application of RLOs 
for teaching consumers about plastics for microwaveable plastic products would improve 
understanding of the issues, decrease perceptions of the potential harm of plastics and 
improve learning satisfaction to a greater degree as compared to traditional material 
delivery. Therefore, this study will test the following three null hypotheses: 
 Hypothesis 1: There is no significant difference between Control, RLO, TDL and 
TDL+RLO with respect to knowledge about identification of the symbols of 
microwaveable plastic. 
 Hypothesis 2: There is no significant difference between Control, RLO, TDL and 
TDL+RLO with respect to perceptions of health risks of food in microwaveable 
containers. 
 Hypothesis 3: There is no significant difference between RLO, TDL and 








Figure 3.1. Sampling Design  
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The target population consisted of students enrolled at Clemson University. A 
convenience sampling method was used to select a sample for the study. Sample size was 
computed using G-Power software using the level of significance of α = 0.05 the power 
of the test of 0.8 and effect size of 0.25 under the assumption that ANOVA was used to 
compare average changes in scores (Faul, Erdfelder, Lang, -G, & Buchner, 2007).The 
required sample size was n = 45 participants per group.  This suggested that the minimum 
number of participants to be recruited must be at least n = 180. For practical purposes, the 
sample size of n = 200 was targeted because the survey would inevitably contain missing 
values and other errors. The larger than necessary sample size provided a safety margin 
to ensure that the number of high quality usable responses would exceed the minimum 
required sample size. 
 
Study Design 
To address the above stated research question, the study will utilized a quasi-
experimental design (Figure 3.1). The study should be classified as quasi-experiment 


















Figure 3.2. Study design (RLO – reusable learning objects, TDL- traditional 
didactic lecture) 
 
Data Collection Mode 
Data were collected between February, 11, 2016, and May, 7, 2016. The survey 
was administered using a web-based format SurveyMonkey®.  Students enrolled at 
Clemson University were contacted using email with a request to participate. The list of 
email addresses was obtained from the Office for Institutional Effectiveness and 
Assessment.  
A total of 3000 invitation emails were sent using SurveyMonkey®. Only 446 
people agreed to participate, response rate of 14.9%. Out of these 446 participants, 282 
participants completed both the pre-test and the post-test surveys. Only the data from 
these 282 participants were included in the analysis. In other words, cases representing 
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participants who responded to the pre-test, but failed to respond to the post-test, were 
excluded from the analysis (Figure 3.1). 
All relevant information about the study was provided to the participants, such as 
the purpose of the study, the statement of confidentiality, list of benefits of participation 
and explanation of what the study would require. Those who enrolled in the study were 
automatically enrolled in an incentive to receive a $5 Starbucks gift card.  Those 
participants who participated in multiple groups, received an additional 5$ card. 
The group of participants who agreed to participate in the study were asked to 
take a pre-test-survey about microwaveable plastic for food packaging. After the 
completion of the online pre-test-survey, participants were randomized to Control, RLO, 
TDL and TDL+RLO groups. RLO and TDL groups were provided with an educational 
intervention about use/reuse of microwaveable plastics (Figure 3.2). 
The first group served as the control, while the second, third, and fourth groups 
received a different educational program. To avoid carryover effects from the first 
survey, two weeks after they had completed the educational program, participants 
received a post-test survey. The TLD educational intervention was featured as a 
PowerPoint presentation (in class presentation), and RLO educational intervention 
featured infographics. 
Group 1 (Control): Students in this group (n = 121) received the online pre-test-survey 
(no intervention). Two weeks after the completion of the online pre-test-survey, 
participants received the online post-test survey. 
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Group 2 (RLO): Students in this group (n = 79) received the online pre-test-survey, after 
participants were randomized to RLO group invitation emails were sent to the 
participants using Doodle. Doodle is an internet calendar tool for time management, and 
coordinating meetings. We invited participants to read our short online infographic 
(Appendix J) about microwavable food plastic containers using Bitly (URL Shortened 
and Link Management Platform). Two weeks after the completion of the educational 
intervention, participants received online a post-test survey. 
Group 3 (TDL): Students in this group (n = 42) received online pre-test-survey, after 
participants were randomized to TDL group invitation emails were sent to the 
participants using Doodle. Doodle is an internet calendar tool for time management, and 
coordinating meetings. We invited participants to attend a 15 minutes in class 
presentation regarding important information about microwavable food plastic containers 
Two weeks after the completion of the educational intervention, participants received 
online a post-test survey. 
Group 4 (TDL+ RLO): Students in this group (n = 40) had a combination of RLO + 
TDL, But because of the low attendance of the in class presentation, we decided to use 
the same participants in third group to create the fourth group, after the completion of the 
post-test survey about TDL intervention, participants were invited to read our short 
online infographics (Appendix J) about microwavable food plastic containers. Two 
weeks after the completion of the educational intervention, participants received online a 
post-test survey about the infographic. 
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Educational Intervention Design 
Infographics Applied to Safety of Plastic Food Containers Used in Microwaves 
For the purpose of explaining use of plastic containers in microwaves it is 
essential that the infographics highlights both containers that are safe for microwave and 
those that are not safe. From a consumer perspective, the easiest way to identify 
microwave safe containers is by looking at symbols embossed on containers. These 
symbols must be presented and explained to clarify their meanings to consumers. When a 
“microwave safe” symbols is present on a container, this should indicate to consumers 
that such container would not leach harmful chemicals or warp under normal use 
conditions. It is desirable to frame the presentation of safe/unsafe plastic containers in 
terms of the actions which can and cannot be done on with. For example, a picture 
accompanying dangers of using non-approved microwave container may be presented 
alongside. 
Some containers made out of plastic or some other materials are clearly unsafe for 
microwaves.  These include plastic water bottles, jars for yogurt or margarine, and tubs 
for foods such as mustard, cream cheese or mayonnaise. Sometimes, frozen food bought 
from a store in a tray like container may be safely heated in its container, however it is 
critical for customers to understand that these may only be used once (Plasticbaglaws.org, 
2016). Consumers, sometimes may desire to use plastic bags or wrap to cover hot foods, 
such application should be avoided because they are typically made out of materials that 
would easily melt. 
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Even a container approved for use in the microwave can be unsafe if used improperly. 
For example, not properly venting such container may cause high vapor pressure inside to 
develop. As a result, the unsuspecting consumer may open it and get burned by a hot 
vapor. It is desirable to emphasize these outcomes on education charts (Appendix J).  
Presentation: The intervention used face-to-face in class presentation (PPT) instruction, 
this method was used for the treatment TDL group. Table 1.3 shows the plan for the TDL 
intervention, the presentation was offered for two weeks twice a day (Appendix K). The 
presentation was opened up with a brief introduction about microwavable food plastic 
containers. “Microwave ovens and plastic play an important role in the kitchen, but 
special care must be taken when cooking or reheating food. Plastic containers are made 
from chemical materials. Some of the chemical compounds may leach out from plastic 
containers into the foods when heated in microwave. May Cause: bad odors or taste, 
harmful effects and health risk”. 
The objectives of the presentation were 
 To identify the symbols of microwaveable plastic. 
 To be able to identify non microwaveable plastic containers.  
The question is:  
Is it safe to microwave food in plastic containers? 
 Yes,  
If the consumers are aware of following points 
First: Understand what does “microwave safe container” mean?  
 44 
 A container that has been designed to withstand microwave heat without melting 
or warping under normal use conditions. 
 In addition, it won't leach chemicals or substances into food. 
Second: Choose plastic containers labeled for microwave oven.  
 Those symbols are usually found on the bottom of a container, so always look for 
them 
 Some plastic containers use the term “Microwave Safe.” This is the 
manufacturer’s way of letting consumers know that a container has been designed 
to microwave use. 
 You have to keep in mind when using the microwave not all plastic container are 
microwave safe. 
 For example: water bottles, and plastic tubs or jars made to hold margarine, 
yogurt, whipped topping, and foods such as cream cheese, mayonnaise, and 
mustard are not microwave-safe. 
 In addition, most takeout containers and takeout dinner trays are formulated for 
one-time use only. 
 Don’t allow plastic wrap to touch food during microwaving, you must leave a gap 
between the plastic wrap and food, because it may melt. 
 Some containers lids are not microwave safe, so before microwaving food, be sure 
to remove the lid, or lift the edge of the cover to prevent the contact with food. 
 Conclusion: Now, you are able to identify the symbols of microwaveable plastic.  
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And, able to distinguish between safe and unsafe plastic containers for microwave 
use. So, the most important thing is to always read the labels of your plastic 
containers carefully before you put them in the microwave. 
Table 3.1. TDL intervention Plan  
 




9 8 3 3 3 
Afternoon 
Session  




1 0 2 0 0 
Afternoon 
Session 
0 0 0 0 0 
Total N=42 14 10 9 6 3 
 
Study Variables 
In the study, three dependent variables were considered. The first variable 
represents the number of plastic container symbols recognized (SYMBOL), health 
perceptions about plastics (PERCEPT) and satisfaction with learning (SAT).  The only 
independent variable represents one of the groups to which a participant was assigned 
(Control, TDL, RLO or RLO+TDL). No other independent variables were included in the 
ANOVA model, because such inclusion would have required an impractically large 




The instrument used to collect data in this study was an online questionnaire. 
Participants were asked to answer a set of questions before and after the intervention. The 
questionnaire consisted of four main parts for collection of data: demographic 
characteristics of the target population, their knowledge about identification of the 
symbols of microwaveable plastic, their attitudes for the use and reuse of food plastic 
containers, and their perceptions about microwaveable plastic.  All answers to pre-and 
post-test questions were in a multiple-choice format.  
The first part of the survey tested whether a participant correctly identified 
symbols representing the type of plastics. It consisted of multiple research questions that 
asked a participant to identify what each symbol meant. The total number of questions 
answered correctly represented the participant’s knowledge of these symbols. Since this 
survey did not measure any underlying theoretical construct, validity assessment was 
unnecessary. This is because the purpose of the survey was to assess the ability to 
correctly recognize symbols representing a type of a plastic container. In this context, the 
survey would be valid if it correctly reflected this ability. If participants correctly 
identified a symbol then such recognition was a prima facie evidence that they knew the 
meaning of a symbol. In the opposite case, a failure to recognize a symbol was indicative 
that a participant did not know how to identify a symbol. In other words, a participant’s 
ability to recognize symbols was evident from the correctness of responses because the 
meaning of symbols was objectively known. In contrast, surveys that measure 
perceptions require assessment of validity because perception refers to a state of mind 
which is quantitated by the study participant (Perception Appendix). A state of mind is 
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never fully known to external observers and for this reason correspondence between state 
of mind and a survey designed to assess it requires testing to ensure that the survey 
responses are valid as well as reliable. For this second part of the survey which measured 
perceptions about the safety of food plastics, just like the first part, the final score for this 
survey was computed by summing the number of questions answered correctly. Finally, 
the satisfaction with the instruction was measured using Likert Type questions. 
 
Pilot Run and Survey Revision 
The purpose of the pilot run was the assessment of psychometric properties of the 
survey. For the pilot run, a convenience sample of n = 12 participants was recruited. 
Participants were asked to complete surveys and provide feedback about the survey 
questions. 
To established face-validity, the author asked peers and colleagues to comment on 
appropriateness of survey questions. In addition, participants in the pilot survey were 
asked to examine questions of the survey. Some participants found the item “Food 
package has the information that you need about product quality” ambiguous because it 
was not clear what was meant by quality. Thus this question was removed from the final 
survey. Further response options to a question asking about the frequency of grocery 
shopping were not optimally categorized. The results of the survey suggest that most 
people bought food once a week, however participants felt that it was difficult to 
discriminate about options “2-3 times per week” and “More than 4 times a week”, thus 
these two items were merged into “More frequently than once a week”. A new item about 
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a place of food consumption was added because some participants stated that they 
sometimes ate at restaurants or grocery stores. 
Several items in the original survey were found to be non-germane to the topic of 
the study and for this reason they were dropped from the survey. Initially, convergent 
validity of the subscale representing perception about dangers of plastic (PERCEPT) was 
validated by comparing to International Food Information Council (2011). Using a 
convenience sample of n = 12 participants who completed both surveys, the correlation 
coefficient between respective items on each survey was r (11) = 0.84, p < 0.05. Because 
this coefficient was close to one, it can be assumed that the survey has a high degree of 
convergent validity. Subsequently, participants were asked to share their thoughts about 
the survey.  The Cronbach alpha coefficient for items related to PERCEPT subscales was 
α = 0.72, which suggest that the scales had a high degree of internal consistency. 
Because items for SAT variables came from another validated survey by Windle 
et al., (2011) no validity or reliability of this subscale was performed. Windle et al., 
(2011) reported Cronbach α = 0.86, which is higher than the recommended cutoff value 
of 0.7. Therefore the SAT subscale had an acceptable degree of internal consistency. 
These authors also reported test-retest correlation coefficient of 0.88 suggesting high 
degrees of test-retest reliability. However, Cronbach alpha coefficients for the SAT 
subscale were recomputed. The new value of α = 0.78 was obtained, suggesting that 
internal consistency was a stable property of the survey. To summarize, the conclusion 
about the adequate degree of validity and reliability of the survey appears to be 
warranted. 
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Institutional Review Board Approval 
The data collection protocol (IRB2015-385) was validated by the Chair of the  
Clemson University Institutional Review Board (IRB) using exempt review procedures.   
A determination was made on February 2, 2016, that the proposed research activities 
involving human subjects qualified as exempt from continuing review under Category  



















 RESULTS  
 
Sample Characteristics 
 The characteristics of the valid cases that were included in the final analysis are 
presented in the Table 4.1 No students in the sample had Food, Nutrition, or Packaging 
Science background. The data indicate that participants were predominantly white (83%), 
lived off campus (56.7%), had some college education (51.4%), were of female gender 
(71.3%) and were aged between 19 and 29 (84.4%).   
Table 4.1. Demographic Characteristics of the Participants (N = 282) 
 
Ethnicity N % Education N % 
Black 13 4.6% High School 8 2.8% 
White 234 83.0% Some College 145 51.4% 
Hispanic/Latino 8 2.8% Bachelor 47 16.7% 
Asian 20 7.1% Masters 71 25.2% 
Other 7 2.5% Doctoral 11 3.9% 
Age N % Residence N % 
Less than or equal to 18 1 0.4% Family home 47 16.7% 
19-29 238 84.4% Home stay 2 0.7% 
30-39 32 11.3% University dorms 70 24.8% 




50 and over 7 2.5% Other 3 1.1% 
Gender N % 
  
  
Female 201 71.3%     
Male 79 28.0%     




Tables 4.1(a) and 4.1(b) summarize responses of participants about cooking 





















Table 4.1(a). Frequency of responses for practices (N = 282) 
 
  N % 
How many times per week do you cook meals at home? 
Never 61 21.6% 
1-2 times 17 6.0% 
3-4 times 60 21.3% 
5-6 times 59 20.9% 
7 times or more 85 30.1% 
What is the purpose of packaging in your opinion? (Please check all that apply) 
Extend shelf life for Storage and preserve food 137 48.6% 
Protect food and keep it safe from contamination 152 53.9% 
Advertising 201 71.3% 
Convenience such as for  transportation and storing 43 15.2% 
All of the above 214 75.9% 
Where would you look to find information on the different types of chemicals and 
compounds added to plastic and other packaging materials?  (Please check all that 
apply) 
Internet 242 85.8% 
Manufacturers of different products 48 17.0% 
Government agencies 117 41.5% 
Personal knowledge or education 87 30.9% 
Educational materials 155 55.0% 
I have not come across such information 35 12.4% 
Does the packaging containers include information regarding safety and use? 
No, never 145 51.4% 
Yes, but hard to find 97 34.4% 
Yes, easy to find 38 13.5% 
I don’t know 2 0.7% 
I am confident in my knowledge of food package safety.  
Yes, very confident 4 1.4% 
Yes, somewhat 15 5.3% 
No, not at all 81 28.7% 
Not sure 182 64.5% 
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Always Very Often Sometimes Rarely Never 
N % N % N % N % N % 
                      
10. I look for plastic symbols before I 
use and reuse any packaging 
containers 
34 12.1% 68 24.1% 101 35.8% 54 19.1% 25 8.9% 
11. I read the safety information 
before reusing any packaging 
containers.   
39 13.8% 79 28.0% 117 41.5% 37 13.1% 10 3.5% 
12. I heat food in plastic bags using 
the microwave. 
43 15.2% 92 32.6% 91 32.3% 40 14.2% 16 5.7% 
13.  I use and reuse plastic containers 
to heat food using microwave. 
30 10.6% 96 34.0% 96 34.0% 45 16.0% 15 5.3% 
14. I reuse plastic takeout containers 
to heat food. 
26 9.2% 89 31.6% 112 39.7% 38 13.5% 17 6.0% 
15. I use plastic wrap to cover food in 
the microwave. 
27 9.6% 80 28.4% 120 42.6% 45 16.0% 10 3.5% 
16. I microwave in all types of 
packaging regardless of the type 
of material.  
21 7.4% 59 20.9% 107 37.9% 66 23.4% 29 10.3% 
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To ensure that the treatment and control groups were balanced with respect to 
demographic characteristics, a series of chi-square tests was utilized. The results suggest 
that there was no statistically significant differences in gender distributions across the 
four groups (χ2 (3) = 0.60, p = 0.90). Similarly, no differences were found for Age (χ2 
(12) = 11.27, p = 0.51), Ethnicity (χ2 (12) = 7.20, p = 0.84), Education (χ2 (12) = 20.52, 
p = 0.06) and Residence (χ2 (12) = 15.14, p = 0.23).  Table 4.2 through 4.6 show the 
distribution of demographic characteristics across the four groups. The results of the chi-
square tests provide some assurance that all four groups were balanced with respect to the 
measured demographic characteristics. 
Table 4.2. Cross-tabulation for Gender by group*(N = 282) 
 
 Gender  
Group Female Male Total 
Control 88 33 121 
RLO 54 25 79 
TDL 31 11 42 
RLO+TDL 29 11 40 
Total 202 80 282 
*χ2(3) = 0.60, p = 0.90 
 
Table 4.3. Cross-tabulation for age by group*(N = 282) 
 
  Age  
  Under 18 19-29 30-39 40-49 50 and over Total 
Control 1 102 10 4 4 121 
RLO 0 70 8 0 1 79 
TDL 0 34 7 0 1 42 
RLO+TDL 0 32 7 0 1 40 
Total 1 238 32 4 7 282 
*χ2(12) = 11.27, p = 0.51  
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Table 4.4. Cross-tabulation for ethnicity by group*(N = 282) 
 
  Ethnicity  
 Black White Hispanic/Latino Asian Other Total 
Control 7 96 4 8 6 121 
RLO 2 68 2 6 1 79 
TDL 2 36 1 3 0 42 
RLO+TDL 2 34 1 3 0 40 
Total 13 234 8 20 7 282 
*χ2(12) = 7.20, p = 0.84  
 
Table 4.5. Cross-tabulation for education by group*(N = 282) 
 
  Education  
 HS Some college BS MS Doctoral Total 
Control 4 70 17 28 2 121 
RLO 2 45 16 15 1 79 
TDL 1 16 7 14 4 42 
RLO+TDL 1 14 7 14 4 40 
Total 8 145 47 71 11 282 
*χ2(12) = 20.52, p = 0.06 
 
Table 4.6. Cross-tabulation for residence by group*(N = 282) 
 
  Residence  
 Family Home stay Dormitory Off-campus Other Total 
Control 21 0 33 67 0 121 
RLO 11 2 25 40 1 79 
TDL 8 0 6 27 1 42 
RLO+TDL 7 0 6 26 1 40 
Total 47 2 70 160 3 282 
*χ2(12) = 15.14, p = 0.23  
 
To ensure that groups were comparable to each other, average pre-test scores for 
the symbol recognition scores and health risk perception scores were compared between 
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the four groups using an ANOVA test.  No statistically significant differences in the pre-
test scores between groups were detected for either of the subscales. 
Table 4.7. ANOVA test for the symbol recognition and health risk perception 
subscales at pre-test (N = 282) 










2.52 3 0.84 1.86 0.14 
Within 
Groups 
125.62 278 0.45   





0.62 3 0.21 0.18 0.91 
Within 
Groups 
323.75 278 1.16   
Total 324.37 281    
 
Symbol Recognition Scores 
The descriptive statistics and pre-test/post-test comparison of symbol recognition 
scores is presented in the Table 4.7. These scores represents the number of correctly 
identified symbols. The highest possible score of 4 indicates that a participant correctly 
identified all four symbols presented. Similarly, a score of zero would indicate that none 
of symbols were correctly identified. 
For the entire sample, there was a statistically significant increase in the symbol 
recognition scores from the pre-test average of 2.54 to 2.87 at the post-test.  Also, within 
RLO, TDL and RLO+TDL groups changes were statistically significant. These changes 
 57 
indicate that each program improved recognition of the symbols. However, no 
statistically significant changes in the Control group were detected.  
Table 4.8. Descriptive statistics for the symbol recognition subscale (N = 282) 
 
  
 Pre-test Post-test   
Group N Mean 
St. 
dev. 




Control 121 2.47 0.7 2.55 0.77 0.08 0.35 
RLO 79 2.48 0.73 3.01 0.87 0.53 <0.01* 
TDL 42 2.69 0.56 2.9 0.3 0.21 0.02* 
RLO+TDL 40 2.68 0.57 3.48 0.51 0.80 <0.01* 
Overall 282 2.54 0.68 2.87 0.78 0.33 <0.01* 
* Significant at 0.05 level 
 Table 4.9 shows descriptive statistics broken down by group/demographics for 
symbol recognition subscale and health risk perception subscales respectively. P-values 
refer to paired t-test between pre-test/post test scores within each group. For example, for 
males in control group the mean pre-test symbol recognition score was 2.58 and post-test 














N Mean St. dev. Mean St. dev. p-value** 
Gender 
Male 
Control 33 2.58 0.50 2.73 0.52 0.20 
RLO 25 2.36 0.86 3.00 0.91 0.02* 
TDL 11 2.55 0.52 2.91 0.30 0.04 
RLO+TDL 11 2.55 0.52 3.73 0.47 <0.01* 
Overall 80 2.50 0.64 2.98 0.71 <0.01 
Female 
Control 88 2.43 0.75 2.49 0.84 0.62 
RLO 54 2.54 0.66 3.02 0.86 <0.01* 
TDL 31 2.74 0.58 2.90 0.30 0.13 
RLO+TDL 29 2.72 0.59 3.38 0.49 0.00 




Control 103 2.49 0.70 2.60 0.69 0.19 
RLO 70 2.43 0.75 3.00 0.90 <0.01* 
TDL 34 2.68 0.59 2.91 0.29 0.03 
RLO+TDL 32 2.66 0.60 3.47 0.51 <0.01* 
Overall 239 2.52 0.69 2.88 0.75 <0.01 
30 or 
older 
Control 18 2.39 0.70 2.28 1.13 0.73 
RLO 9 2.89 0.33 3.11 0.60 0.34 
TDL 8 2.75 0.46 2.88 0.35 0.35 
RLO+TDL 8 2.75 0.46 3.50 0.53 0.04 
Overall 43 2.63 0.58 2.79 0.94 0.31 
Ethnicity 
White 
Control 96 2.44 0.68 2.55 0.78 0.24 
RLO 68 2.41 0.76 3.07 0.78 <0.01* 
TDL 36 2.67 0.59 2.89 0.32 0.03 
RLO+TDL 34 2.65 0.60 3.47 0.51 <0.01* 
Overall 234 2.50 0.68 2.89 0.76 <0.01 
Others 
Control 25 2.60 0.76 2.56 0.77 0.86 
RLO 11 2.91 0.30 2.64 1.29 0.43 
TDL 6 2.83 0.41 3.00 0.00 0.36 
RLO+TDL 6 2.83 0.41 3.50 0.55 0.02 





Control 74 2.46 0.74 2.57 0.74 0.34 
RLO 47 2.38 0.74 3.04 0.81 <0.01* 
TDL 17 2.94 0.24 2.88 0.33 0.33 
RLO+TDL 15 2.93 0.26 3.60 0.51 <0.01* 





Control 47 2.49 0.62 2.53 0.83 0.77 
RLO 32 2.63 0.71 2.97 0.97 0.11 
TDL 25 2.52 0.65 2.92 0.28 <0.01* 
RLO+TDL 25 2.52 0.65 3.40 0.50 <0.01* 





Control 67 2.60 0.58 2.57 0.72 0.78 
RLO 40 2.58 0.71 3.10 0.90 0.01 
TDL 27 2.59 0.64 2.85 0.36 0.05 
RLO+TDL 26 2.58 0.64 3.42 0.50 <0.01* 
Overall 160 2.59 0.63 2.89 0.76 <0.01 
Other 
Control 54 2.31 0.80 2.54 0.84 0.15 
RLO 39 2.38 0.75 2.92 0.84 <0.01* 
TDL 15 2.87 0.35 3.00 0.00 0.16 
RLO+TDL 14 2.86 0.36 3.57 0.51 <0.01* 
Overall 122 2.47 0.73 2.84 0.82 <0.01 
* Significant at 0.05 level   
**P-values are for paired t-test between pre-test and post-test scores within the each 
demographic category/group 
 
 Table 4.9 suggests, that the changes in symbol recognition scores were, with some 
minor exceptions, consistent across demographic groups.  Specifically, for RLO, TDL 
and RLO+TDL groups changes in symbol recognition scores were either simultaneously 
statistically significant or not for both males and females. The analogous statement can be 
made about the place of residence.  
With respect to age, there were some slight inconsistencies. However these non-
uniformities by demographic categories hold no special meaning because the number of 
participants in different demographic categories significantly varied significantly across 
experimental groups. These variations in number of participants within demographic 
categories and experimental groups can easily account for the non-uniformity of the 
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observed responses. Below some of these non-uniformities are discussed, however the 
purpose of this discussion is descriptive rather than inferential. 
  Those who were 29 or younger had statistically significant lower scores for RLO 
and RLO+TDL groups. However, those who were 30 or older had no statistically 
significant changes within any of the experimental groups. This however, can be 
explained by a much lower statistical power. The older group had only n = 43 
participants, whereas the number of younger people was significantly higher n = 239 
(Table 4.9). 
 With respect to different ethnic groups, changes in outcomes were not uniform 
across demographic categories. For Whites, changes within RLO, TDL and RLO+TDL 
were statistically significant. However, for other ethnicities, only was in RLO+TDL 
group was statistically significant. These findings should be interpreted with caution 
considering that there were many more (n = 234) as compared to other ethnicities (n = 
48).  These differences in number of participants across subgroups means that non-
uniformities with respect to the level of education hold no special meaning. 
 The effect of each intervention varied depending on the level of education. 
Statistically significant changes in RLO and RLO+TDL were observed for those who had 
some college or less. In contrast, for those who had higher degrees changes were only 
detected for TDL and RLO+TDL groups. However, as in the case for the ethnicity 
variable, differences in number of participants across subgroups means that non-
uniformities with respect to the level of education may hold no special meaning. 
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Health Risk Perception Scores 
The descriptive statistics and pre-test/post-test comparison of health risk 
perception scores is presented in Table 4.10. Each of these scores represents the number 
of correctly answered questions regarding health effects associated with microwaving 
plastic containers. The highest possible score of 5 indicates that a participant correctly 
responded to all five questions. Similarly, a score of zero would indicate that none of the 
questions were correctly answered. 
For the entire sample, there was a statistically significant increase in health risk 
perception scores from the pre-test average of 2.52 to 3.16 at the post-test. Also, within 
RLO and RLO+TDL groups changes were statistically significant. However, no 
statistically significant changes in the control or TDL groups were detected.  
 
Table 4.10. Descriptive statistics for the health risk perception subscale (N = 282) 
 
  
 Pre-test Post-test   
Group 
N Mean St. dev. Mean St. dev. Average change p-value 
Control 121 2.53 1.08 2.59 1.05 0.06 0.66 
RLO 79 2.48 1.1 3.91 1.03 1.43 <0.01* 
TDL 42 2.62 1.03 2.57 1.09 -0.05 0.83 
RLO+TDL 40 2.48 1.09 4.05 0.9 1.57 <0.01* 
Overall 282 2.52 1.07 3.16 1.23 0.64 <0.01* 
* Significant at 0.05 level 
Table 4.11 is similar to Table 4.10 except that Table 4.11 reports scores stratified 
by demographic categories and experimental groups. This suggests that, by and large, 
changes in health risk perception were consistent across demographic groups.  
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Specifically, for RLO, TDL and RLO+TDL groups changes in health risk 
perception were either simultaneously statistically significant or not for both males and 
females. The analogous statement can be made about the place of residence and 
education. Changes in health risk perception were not affected by method of learning, 
gender, residence type or level of education.   
With respect to age, there were some slight inconsistencies. Those who were 29 
or younger had statistically significant changes in health risk perception for RLO and 
RLO+TDL groups. However, those who were 30 or older the statistically significant 
changes were detected only within RLO group. This however, can be explained by a 
much lower statistical power. The older group had only (n = 43) participants, whereas the 
number of younger people was significantly higher n = 239. Due to different sample 
sizes, these results hold no special meaning. 
Changes in health risk perception were not uniform across ethnic groups. For 
Whites, changes in health risk perception within RLO, TDL and RLO+TDL were 
statistically significant. However, for other ethnicities, no statistically significant changes 
were detected at all. These findings should be interpreted with caution considering that 
there were many more Whites (n = 234) as compared to other ethnicities n = 48. The lack 
of statistically significant effect for other ethnicities may be entirely due to lower sample 


















Control 33 2.48 1.00 2.72 1.03 0.23 
RLO 25 2.68 1.03 3.91 1.05 <0.01* 
TDL 11 2.45 1.21 2.42 1.15 0.17 
RLO+TDL 11 2.73 0.90 4.07 0.92 <0.01* 
Overall 80 2.58 1.02 3.11 1.24 <0.01 
Female 
Control 88 2.55 1.11 2.24 1.03 0.23 
RLO 54 2.39 1.12 3.92 1.00 <0.01* 
TDL 31 2.68 0.98 3.00 0.77 0.17 
RLO+TDL 29 2.38 1.15 4.00 0.89 <0.01* 




Control 103 2.51 1.08 2.52 1.06 0.95 
RLO 70 2.44 1.11 3.89 1.06 <0.01* 
TDL 34 2.47 0.96 2.56 1.02 0.80 
RLO+TDL 32 2.53 1.08 4.19 0.90 <0.01* 
Overall 239 2.49 1.07 3.15 1.26 <0.01* 
30 or 
older 
Control 18 2.61 1.09 2.94 0.87 0.23 
RLO 9 2.78 0.97 4.11 0.78 <0.01* 
TDL 8 3.25 1.16 2.63 1.41 0.25 
RLO+TDL 8 2.25 1.16 3.50 0.76 0.06 
Overall 43 2.70 1.10 3.23 1.07 0.02 
Ethnicity 
White 
Control 96 2.51 1.07 2.46 1.07 0.72 
RLO 68 2.41 1.14 3.99 1.03 <0.01* 
TDL 36 2.64 1.05 2.58 1.13 0.72 
RLO+TDL 34 2.56 1.05 4.12 0.88 <0.01* 
Overall 234 2.51 1.08 3.16 1.29 <0.01* 
Others 
Control 25 2.60 1.15 3.08 0.81 0.11 
RLO 11 2.91 0.70 3.45 0.93 0.05 
TDL 6 2.50 1.05 2.50 0.84 1.00 
RLO+TDL 6 2.00 1.26 3.67 1.03 0.08 





Control 74 2.47 1.13 2.53 1.08 0.75 
RLO 47 2.34 1.13 3.87 1.13 <0.01* 
TDL 17 2.59 1.00 2.35 1.06 0.43 
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RLO+TDL 15 2.47 1.06 4.27 0.88 <0.01* 





Control 47 2.62 1.01 2.68 1.00 0.75 
RLO 32 2.69 1.03 3.97 0.86 <0.01* 
TDL 25 2.64 1.08 2.72 1.10 0.76 
RLO+TDL 25 2.48 1.12 3.92 0.91 <0.01* 





Control 67 2.46 1.12 2.63 1.01 0.36 
RLO 40 2.43 1.03 3.90 0.93 <0.01* 
TDL 27 2.52 1.12 2.63 1.21 0.68 
RLO+TDL 26 2.42 1.24 4.19 0.85 <0.01* 
Overall 160 2.46 1.11 3.20 1.21 <0.01* 
Other 
Control 54 2.61 1.04 2.54 1.09 0.70 
RLO 39 2.54 1.17 3.92 1.13 <0.01* 
TDL 15 2.80 0.86 2.47 0.83 0.25 
RLO+TDL 14 2.57 0.76 3.79 0.97 <0.01* 
Overall 122 2.61 1.02 3.11 1.25 <0.01* 
* Significant at 0.05 level 
**P-values are for paired t-test between pre-test and post-test scores within the each 
demographic category/group 
 
 The summary of responses to individual items on the perception subscale is 






















Perception N % N % N % N % N % N % 
Food packaging materials have a negative impact on our body 
TDL 14 17.70% 18 22.80% 20 25.30% 11 13.90% 8 10.10% 8 10.10% 
RLO 7 16.70% 11 26.20% 7 16.70% 4 9.50% 6 14.30% 7 16.70% 
TDL+RLO 4 10.00% 13 32.50% 9 22.50% 5 12.50% 3 7.50% 6 15.00% 
There are health risks with reusing food plastic containers 
TDL 5 6.30% 23 29.10% 15 19.00% 9 11.40% 14 17.70% 13 16.50% 
RLO 4 9.50% 12 28.60% 13 31.00% 5 11.90% 5 11.90% 3 7.10% 
TDL+RLO 5 12.50% 6 15.00% 14 35.00% 4 10.00% 10 25.00% 1 2.50% 
I avoid health risks by buying foods in plastic containers labeled for microwave use 
TDL 12 15.20% 24 30.40% 11 13.90% 11 13.90% 12 15.20% 9 11.40% 
RLO 4 9.50% 6 14.30% 17 40.50% 6 14.30% 1 2.40% 8 19.00% 
TDL+RLO 3 7.50% 14 35.00% 6 15.00% 4 10.00% 5 12.50% 8 20.00% 
 I am afraid to reuse all plastic containers in food preparation  Food plastic containers can cause cancer 
TDL 13 16.50% 18 22.80% 16 20.30% 8 10.10% 11 13.90% 13 16.50% 
RLO 5 11.90% 11 26.20% 12 28.60% 7 16.70% 3 7.10% 4 9.50% 
TDL+RLO 5 12.50% 12 30.00% 6 15.00% 9 22.50% 6 15.00% 2 5.00% 
Food plastic containers can cause cancer  
TDL 9 11.40% 24 30.40% 27 34.20% 5 6.30% 5 6.30% 9 11.40% 
RLO 4 9.50% 14 33.30% 7 16.70% 4 9.50% 7 16.70% 6 14.30% 
TDL+RLO 5 12.50% 9 22.50% 10 25.00% 5 12.50% 6 15.00% 5 12.50% 
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Table 4.11(b). Frequency of responses for perceptions in Post-test (N = 282) 






Perception N % N % N % N % N % N % 
Food packaging materials have a negative impact on our body 
TDL 0 0.00% 42 53.20% 36 45.60% 0 0.00% 1 1.30% 0 0.00% 
RLO 1 2.40% 16 38.10% 24 57.10% 1 2.40% 0 0.00% 0 0.00% 
TDL+RLO 0 0.00% 25 62.50% 15 37.50% 0 0.00% 0 0.00% 0 0.00% 
There are health risks with reusing food plastic containers 
TDL 0 0.00% 41 51.90% 37 46.80% 0 0.00% 1 1.30% 0 0.00% 
RLO 1 2.40% 20 47.60% 16 38.10% 1 2.40% 2 4.80% 2 4.80% 
TDL+RLO 0 0.00% 24 60.00% 16 40.00% 0 0.00% 0 0.00% 0 0.00% 
I avoid health risks by buying foods in plastic containers labeled for microwave use 
TDL 0 0.00% 37 46.80% 35 44.30% 2 2.50% 0 0.00% 5 6.30% 
RLO 1 2.40% 10 23.80% 14 33.30% 6 14.30% 6 14.30% 5 11.90% 
TDL+RLO 1 2.50% 19 47.50% 19 47.50% 0 0.00% 1 2.50% 0 0.00% 
 I am afraid to reuse all plastic containers in food preparation  Food plastic containers can cause cancer 
TDL 8 10.10% 32 40.50% 23 29.10% 6 7.60% 4 5.10% 6 7.60% 
RLO 8 19.00% 3 7.10% 4 9.50% 7 16.70% 10 23.80% 10 23.80% 
TDL+RLO 2 5.00% 14 35.00% 15 37.50% 2 5.00% 4 10.00% 3 7.50% 
Food plastic containers can cause cancer  
TDL 28 23.10% 0 0.00% 2 1.70% 33 27.30% 30 24.80% 28 23.10% 
RLO 13 16.50% 13 16.50% 13 16.50% 10 12.70% 14 17.70% 16 20.30% 
TDL+RLO 12 28.60% 0 0.00% 1 2.40% 11 26.20% 10 23.80% 8 19.00% 
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Always Very Often Sometimes Rarely Never 
N % N % N % N % N % 
                      
10. I look for plastic symbols before I 
use and reuse any packaging 
containers 
34 12.1% 68 24.1% 101 35.8% 54 19.1% 25 8.9% 
11. I read the safety information 
before reusing any packaging 
containers.   
39 13.8% 79 28.0% 117 41.5% 37 13.1% 10 3.5% 
12. I heat food in plastic bags using 
the microwave. 
43 15.2% 92 32.6% 91 32.3% 40 14.2% 16 5.7% 
13.  I use and reuse plastic containers 
to heat food using microwave. 
30 10.6% 96 34.0% 96 34.0% 45 16.0% 15 5.3% 
14. I reuse plastic takeout containers 
to heat food. 
26 9.2% 89 31.6% 112 39.7% 38 13.5% 17 6.0% 
15. I use plastic wrap to cover food in 
the microwave. 
27 9.6% 80 28.4% 120 42.6% 45 16.0% 10 3.5% 
16. I microwave in all types of 
packaging regardless of the type 
of material.  
21 7.4% 59 20.9% 107 37.9% 66 23.4% 29 10.3% 
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Satisfaction Scores 
Satisfaction scores only between RLO and TDL groups were compared. The 
control group was not included in comparison because no satisfaction scores were 
collected for this group. The RLO+TDL group was excluded from the analysis of 
satisfaction because participants in this groups received both RLO+TLD interventions. 
Were never tested with overall satisfaction with this type of instruction.  
 The mean and standard deviations for the satisfaction subscale of RLO and TDL 
groups were M = 4.00, SD = 0.33 and M = 2.97, SD = 0.40 respectively (Table 4.12). 
These values suggest that students were more satisfied with RLO instruction as compared 
to TDL. The control group was not included in comparison because no satisfaction  
 Satisfaction scores may range between 1 and 5, with lower scores reflecting a 
greater level of satisfaction with an instructional modality. Cronbach alpha coefficients 
for both groups correspondingly were 0.75 and 0.86. These values reflected a high level 
of the internal consistency of the satisfaction subscales because they were greater than 0.7 
(Howell, 2016). 
 
Table 4.12. Descriptive statistics for satisfaction with the instruction 
 
Group N Mean St. dev. Cronbach  α 
RLO 79 4.00 0.33 0.75 
TDL 42 2.97 0.40 0.86 
 
Table 4.13 shows descriptive statistics disaggregated by group/demographics for 
satisfaction scores. For example, in RLO group the average difference in satisfaction 
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between males and females was not statistically significant t = -0.41, p = 0.66. The table 
indicates that there were no statistically significant differences across demographic 
categories or for either RLO or TDL intervention. In other words, satisfaction with either 
intervention was not different between males and females, between those who were 29 or 
younger and those who were 30 or older. Similarly, ethnic groups, education or place of 
residence played no role in satisfaction with either TDL or RLO interventions. These 
results suggest that satisfaction with the instruction most likely was a function of an 
intervention as opposed to individual’s socio-demographic characteristics. 
Table 4.13. Descriptive statistics for satisfaction scores 
 
  
  Satisfaction with RLO Satisfaction with TDL 









Female 54 3.99 0.36 
0.66 
31 2.99 0.39 
0.66 
Male 25 4.02 0.27 11 2.92 0.42 
Age 
29 or younger 70 4.00 0.33 
0.87 
34 2.98 0.35 
0.74 
30 or older 9 4.02 0.39 8 2.91 0.58 
Ethnicity 
White 68 3.99 0.34 
0.48 
36 3.02 0.31 
0.28 
Others 11 4.06 0.30 6 2.67 0.72 
Education 
Some Collage or 
Less 
47 3.99 0.35 
0.82 








40 4.03 0.27 
0.36 
27 3.02 0.43 
0.26 
Other 39 3.96 0.39 15 2.88 0.32 





Null hypothesis 1 states that there is no significant difference between Control, 
RLO, TDL and TDL+RLO with respect to change in knowledge about identification the 
symbols of microwaveable plastic.  
To test this hypothesis, a one-way ANOVA test was applied to determine if the 
average changes in the symbol recognition scores were the same across the four groups. 
The dependent variable was the change between pre-test and post-test recognition scores 
for each of the four groups.  
 Prior to running this test the assumptions of equality of variances and normality 
were assessed. The equality of variances was tested using Levene’s test (F = 3.75, p = 
0.01). This result suggests that the requirement of equality of variances was violated. To 
establish normality a normal probability plot was examined. No significant departure 
from normality was detected on the normal probability plot. Although the requirement for 
equality of variances was violated, ANOVA is known to be robust against such violations 
(Howell, 2016). For this reason, it was decided to proceed with the analysis 
 The results of the ANOVA test suggest that there were statistically significant 
differences in changes in the average number of symbols correctly recognized (F = 8.34, 
p < 0.01) between the four groups. The result indicates that the null hypothesis #1 can be 
rejected. The Figure 4.1 and Table 4.14 shows the average change in the symbol 




























Table 4.14. Average changes in the recognition scores by group with standard errors 
of the mean 
  
Control RLO TDL RLO+TDL F-stat 
Average change 
in  recognition 
scores 
0.08±0.09 0.53±0.11 0.21±0.09 0.80±0.11 F = 8.34, p<0.01* 
* Significant at 0.05 level 
Since the difference between groups was statistically significant, a post-hoc LSD 
test was utilized to identify which groups contributed to the difference (Table 4.15). The 
test indicates that average changes in the symbol recognition scores in RLO and 
RLO+TDL groups were significantly higher than the control group. On The average 
difference between RLO and Control groups was by ∆M = 0.53-0.08- 0.53 = -0.45, p 
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<0.01 and between RLO+TDL and Control groups the difference was ∆M = 0.80 - 0.08 - 
0.80 = -0.72, p <0.01 points respectively. However, there was no difference between the 
Control and TDL group ∆M = 0.08 - 0.21 = 0.13, p =0.41. Figure 4.1 shows the 
comparison between RLO, RLO+TDL and groups reveals no statistically significant 
difference between these two groups ∆M = 0.53 - 0.80 =-0.27, p = 0.12 either.  This 
indicates that the improvements in symbol recognition scores produced by interventions 
in RLO and RLO+TDL were equivalent. That is, interventions for both groups was 
equally effective in improving the symbol recognition scores.  
 
Table 4.15. Post-hoc LSD test for the changes in the symbol recognition scores 
 
Group 1 Group 2 Mean difference (Group 1 - Group 2) p-value 
Control RLO -0.45 <0.01* 
Control TDL -0.13 0.41 
Control RLO+TDL -0.72 <0.01* 
RLO TDL 0.32 0.06 
RLO RLO+TDL -0.27 0.12 
TDL RLO+TDL -0.59 <0.01* 
* Significant at 0.05 level 
Table 4.16 shows pairwise comparison for changes in symbol recognition within 
each demographic category. In other words, it compares neither pre-test nor post-test 
scores, but differences between pre-test and post-test scores. For example, for females the 
average change in the RLO group was higher than average change in TDL group by ∆M 
= 0.32, p = 0.11 points.   
Table 4.16 suggests that RLO or RLO+TDL is more preferable for symbol 
recognition than either no intervention or TDL, regardless of gender, age, ethnicity, 
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education and a place of residence. This suggests that the observed effects were due to 
the program rather than due to demographic factors. 
There were some exceptions to their general observation. However these 
differences by demographic categories may hold no special meaning because the number 
of participants in different demographic categories varied significantly across 
experimental groups. These variations in number of participants within demographic 
categories and experimental groups can easily account for the non-uniformity of the 
observed responses. Below some of these non-uniformities are discussed, however the 
purpose of this discussion is descriptive rather than inferential. 
   For those 29 or younger and for those 30 or older responses to interventions were 
not equivalent.  The difference between Control and RLO groups was statistically 
significant for those 29 or younger, but it was not statistically significant for those 30 or 
older. In fact, no statistically significant differences between interventions were detected 
for participants who were aged 30 or older. 
For the Whites, the only non-statistically significant difference was between 
Control and TDL, however for participants of other ethnicities, no statistically significant 
pair-wise differences were detected at all. For those whose level of education was some 
college or less, the differences between each possible pairing of experimental groups 
were statistically significant, with the exception of Control/TDL, and RLO/RLO+TDL 
pairs. Yet, those who education level was either Bachelors, Masters or Doctorate, the 
only statistically significant difference in symbol recognition was detected for 
Control/RLO+TDL and RLO/RLO+TDL pairs. 
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The differences between experimental groups were dependent whether a 
participant lived on-campus or off-campus. For those living of campus, the statistically 
significant pairs were Control/RLO, Control/RLO+TDL and TDL/RLD+TDL. In 
contrast, no statistically significant differences between experimental groups were found 





















Table 4.16. Comparisons between groups for changes in symbol recognition scores 
within each demographic category (N = 282) 
    




Control RLO -0.42 <0.01* 
Control TDL -0.10 0.57 
Control RLO+TDL -0.60 <0.01* 
RLO TDL 0.32 0.11 
 RLO RLO+TDL -0.17 0.40 
TDL RLO+TDL -0.49 0.03 
Male 
(n=79) 
Control RLO -0.49 0.05* 
Control TDL -0.21 0.50 
Control RLO+TDL -1.03 <0.01* 
RLO TDL 0.28 0.40 
RLO RLO+TDL -0.54 0.10 
TDL RLO+TDL -0.82 0.04* 
Age 
29 or younger 
(n=238) 
Control RLO -0.45 <0.01* 
Control TDL -0.12 0.49 
Control RLO+TDL -0.70 <0.01* 
RLO TDL 0.34 0.07 
 RLO RLO+TDL -0.24 0.20 
TDL RLO+TDL -0.58 <0.01* 
30 or older 
(n=43) 
Control RLO -0.33 0.43 
Control TDL -0.24 0.59 
Control RLO+TDL -0.86 0.06 
RLO Control 0.33 0.43 
RLO TDL 0.10 0.85 




Control RLO -0.55 <0.01* 
Control TDL -0.11 0.52 
Control RLO+TDL -0.71 <0.01* 
RLO Control 0.55 <0.01* 
RLO TDL 0.44 <0.01* 
TDL RLO+TDL -0.60 <0.01* 
Other 
(n=7) 
Control RLO 0.23 0.52 
Control TDL -0.21 0.65 
Control RLO+TDL -0.71 0.12 
RLO TDL -0.44 0.39 
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RLO RLO+TDL -0.94 0.07 






Control RLO -0.55 <0.01* 
Control TDL 0.17 0.46 
Control RLO+TDL -0.56 0.02* 
RLO TDL 0.72 <0.01* 
RLO RLO+TDL -0.01 0.98 





Control RLO -0.30 0.17 
Control TDL -0.36 0.13 
Control RLO+TDL -0.84 <0.01* 
RLO TDL -0.06 0.83 
RLO RLO+TDL -0.54 0.04* 




Control RLO -0.55 <0.01* 
Control TDL -0.29 0.16 
Control RLO+TDL -0.88 <0.01* 
RLO TDL 0.27 0.24 
RLO RLO+TDL -0.32 0.16 
TDL RLO+TDL -0.59 0.02* 
Other 
(n=3) 
Control RLO -0.32 0.09 
Control TDL 0.09 0.73 
Control RLO+TDL -0.49 0.07 
RLO TDL 0.41 0.14 
  RLO+TDL -0.18 0.53 
TDL RLO+TDL -0.58 0.08 
 
To summarize, RLO and RLO+TDL intervention improved symbol recognition, 
while neither Control nor TDL had any effect on this outcome. Since there was no 
statistically significant difference between RLO and RLO+TDL, and TDL alone was not 
effective, the conclusion that RLO drove the improvement in RLO+TDL group appears 
to be reasonable. The analysis suggests that RLO intervention was the most effective for 
the improvement of the symbol recognition scores.  
Hypothesis 2 
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Null hypothesis 2 states that there is no significant difference between Control, 
RLO, TDL and TDL+RLO with respect to average change in perceptions of health risk of 
food in microwaveable containers. To test this hypothesis, a one-way ANOVA test was 
applied to identify if the average changes in the health risk perception scores were the 
same across the four groups. The dependent variable for ANOVA represented the change 
in health risk perception scores between pre-test and post-test for each of the four groups.  
Prior to running the ANOVA, the requirements of equality of variances and 
normality were assessed. The equality of variances was tested using Levene’s test (F = 
0.12, p = 0.95).  To establish normality, a normal probability plot was examined and no 
major departures from normality were found. On the basis of these results, it was 
concluded that the corresponding assumptions of ANOVA were met. 
The graph (Figure 4.2) and Table 4.17 shows the average changes in the health risk 
perception scores for each of the groups. The results of ANOVA test suggest that there 
was a statistically significant difference in the health risk perception scores (F = 23.73, p 














Table 4. 17. Average changes in the health risk perception scores by group with 
standard errors of the mean 
  
Control RLO TDL RLO+TDL F-stat 
Average change 
in  perception 
scores 
0.06±0.13 1.43±0.17 -0.07±0.21 1.58±0.22 F = 23.73, p < 0.01* 
* Significant at 0.05 level 
 
Since the difference between groups was statistically significant, a post-hoc LSD 
test was utilized to identify the groups that contributed to the difference. (Table 4.18) 
This test indicates that average changes in health risk scores in RLO and RLO+TDL 
groups were significantly higher than those in  the control group on average by ∆M 
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=1.43-0.06=1.37, p <0.01 and  ∆M = 1.58-0.06 =1.52 , p <0.01 points respectively. 
However, there was no difference between the Control and TDL groups ∆M = 0.06-(-
0.07) = 0.13, p = 0.62. The comparison between RLO and RLO+TDL groups revealed no 
statistically significant difference ∆M = 1.58-1.43 =0.12, p = 0.60. 
 
Table 4.18. Post-hoc LSD test for the changes in health risk perceptions scores 
 
Group 1 Group 2 Mean difference (Group 1 - Group 2) p-value 
Control RLO -1.37 <0.01* 
Control TDL 0.13 0.62 
Control RLO+TDL -1.52 <0.01* 
RLO TDL 1.50 <0.01* 
RLO RLO+TDL -0.14 0.60 
TDL RLO+TDL -1.65 <0.01* 
* Significant at 0.05 level 
The above analysis suggests that RLO or RLO+TDL performed better than the 
control and TDL. There was no difference between these two interventions.  This means 
that, from the practical perspective, RLO or RLO+TDL is more preferable than either no 
intervention or TDL. 
Table 4.19 shows the same information as Table 4.18 except that disaggregates 
changes in the health risk perception scores by demographic categories. Table 4.19  
suggests that RLO or RLO+TDL is preferable to either no intervention or TDL regardless 
of gender, age, ethnicity, education and a place of residence for improving health risk 
perception scores. Stated differently, the changes of health risk perception scores were 
largely consistent across demographic groups. 
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As Table 4.19 suggests, there were some exceptions to this general observations. 
For females, differences between four pairs of experimental groups were statistically 
significant (Control/RLO, Control/RLO+TDL, RLO/TDL and TDL/RLO+TDL), while 
for males only two statistically significant differences were detected for Control/RLO and 
Control/RLO+TDL pairs. For those 29 and younger, differences between four pairs of 
experimental groups were statistically significant (Control/RLO, Control/RLO+TDL, 
RLO/TDL and TDL/RLO+TDL), while for those 30 and older only two statistically 
significant differences were detected for RLO/TDL and TDL/RLO+TDL pairs. For 
Whites, differences between four pairs of experimental groups were statistically 
significant (Control/RLO, Control/RLO+TDL, RLO/TDL and TDL/RLO+TDL), while 
for participants of other ethnicities only one statistically significant differences was 
detected for TDL/RLO+TDL pair. No inconsistencies in comparisons of experimental 
groups were detected for Education or Residence variables.  
It should be pointed out that inconsistencies may be due to different sample sizes 
across demographic categories within each variables, rather than reflect true differences 
in outcomes. Differences may not be statistically significant between smaller groups, 
because of the lower statistical power.  Low statistical power means that the high 
probability of Type II error may account for the failure to reject corresponding null 
hypotheses. In other words, the actual effect may be present but a statistical test would 




Table 4.19. Comparisons between groups for changes in health risk perception 
scores within each demographic category (N = 282) 





Control RLO -1.35 <0.01* 
Control TDL 0.46 0.14 
Control RLO+TDL -1.52 <0.01* 
RLO TDL 1.81 <0.01* 
RLO RLO+TDL -0.17 0.62 
TDL RLO+TDL -1.98 <0.01* 
Male 
(n=79) 
Control RLO -1.48 <0.01* 
Control TDL -0.79 0.07 
Control RLO+TDL -1.52 <0.01* 
RLO TDL 0.69 0.12 
RLO RLO+TDL -0.03 0.94 
TDL RLO+TDL -0.73 0.16 
Age 
29 or younger 
(n=238) 
Control RLO -1.43 <0.01* 
Control TDL -0.05 0.87 
Control RLO+TDL -1.65 <0.01* 
RLO TDL 1.38 <0.01* 
RLO RLO+TDL -0.21 0.50 
TDL RLO+TDL -1.60 <0.01* 
30 or older 
(n=43) 
Control RLO -1.00 0.05 
Control TDL 0.96 0.08 
Control RLO+TDL -0.92 0.09 
RLO TDL 1.96 <0.01* 
RLO RLO+TDL 0.08 0.89 




Control RLO -1.63 <0.01* 
Control TDL 0.03 0.91 
Control RLO+TDL -1.61 0.00 
RLO TDL 1.66 <0.01* 
RLO RLO+TDL 0.01 0.96 
TDL RLO+TDL -1.64 <0.01* 
Other 
(n=7) 
Control RLO -0.07 0.90 
Control TDL 0.48 0.45 
Control RLO+TDL -1.19 0.07 
RLO TDL 0.55 0.44 
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RLO RLO+TDL -1.12 0.12 





Control RLO -1.48 <0.01* 
Control TDL 0.35 0.39 
Control RLO+TDL -1.75 <0.01* 
RLO TDL 1.83 <0.01* 
RLO RLO+TDL -0.27 0.55 





Control RLO -1.22 <0.01* 
Control TDL -0.02 0.96 
Control RLO+TDL -1.38 <0.01* 
RLO TDL 1.20 <0.01* 
RLO RLO+TDL -0.16 0.66 




Control RLO -1.31 <0.01* 
Control TDL 0.05 0.87 
Control RLO+TDL -1.61 <0.01* 
RLO TDL 1.36 <0.01* 
RLO RLO+TDL -0.29 0.42 
TDL RLO+TDL -1.66 <0.01* 
Other 
(n=3) 
Control RLO -1.46 <0.01* 
Control TDL 0.33 0.43 
Control RLO+TDL -1.29 <0.01* 
RLO TDL 1.78 <0.01* 
RLO RLO+TDL 0.17 0.70 
TDL RLO+TDL -1.61 <0.01* 
* Significant at 0.05 level 
 
Hypothesis 3 
 Null hypothesis 3 states there is no significant difference between RLO and TDL 
with respect to student’s satisfaction with learning methods. To compare satisfaction 
scores associated with two methods, an independent sample t-test was used.  There was a 
statistically significant difference between satisfaction scores for the two instructional 
methods found t (119) = 15.1, p < 0.01. This result requires the rejection of null 
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hypothesis 3. On average, satisfaction with RLO instruction was higher than satisfaction 
with TDL by ∆M = 1.04 points. To summarize, the analysis indicates that the null 
hypothesis #3 must be rejected. 
 Table 4.20 shows the result of the independent samples t-test that compares 
average satisfaction scores between RLO and TLD groups within demographic 
categories. For example, the average difference in satisfaction scores between RLO and 
TDL for Whites was ∆M = 0.97, p <0.01. Similarly, for those living off-campus the 
average difference in satisfaction scores between RLO and TDL was ∆M = 1.01, p <0.01. 
 
Table 4.20. Comparisons between satisfaction between RLO and TDL within each 
demographic category 
  Mean Difference 
(RLO - TDL) 
p-value 
Gender 
Female 1.00 <0.01* 
Male 1.10 <0.01* 
Age 
29 or younger 1.01 <0.01* 
30 or older 1.11 <0.01* 
Ethnicity 
White 0.97 <0.01* 
Other 1.40 <0.01* 
Education 
Some college or less 1.08 <0.01* 
BS, MS or Doctoral 1.00 <0.01* 
Residence 
Off-Campus 1.01 <0.01* 
Other 1.09 <0.01* 
* Significant at 0.05 level   
Overall, the Table 4.20 suggests that the RLO group had higher satisfaction with 
the instruction as compared to TDL group for each demographic category. This means 
that RLO intervention resulted in higher level of satisfaction irrespective of gender, age, 
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ethnicity, education or the place of residence. That is, the demographic variable played no 























DISCUSSION AND CONCLUSIONS 
 
Discussion 
 There are several considerations that may explain why RLO group outperformed 
the TDL group with respect to the study outcomes. One reason is that the reusable 
learning objects may small in size, self-contained and require only 2-5 minutes of a 
learner’s attention (Williams, O’Connor, Windle, & Wharrad, 2015). As a result, a 
learner may learn the material in small portions without having to allocate time for 
prolonged periods of time required by materials that contain multiple interdependencies. 
In other words, a learning material presented in the form of the reusable learning objects 
may be consumed by learners in small discrete units as opposed to learning highly 
contextualized material that require significant expenditure of students’ attention.  
Learner’s attention is a scarce resource (Campbell, 2006; Chou, 2012). A student’s 
attention is a precious commodity. In the modern world, there are many factors that 
compete for learners’ attention. They include mobile devices, background music, and the 
need to balance between multiple family, school and work responsibilities (Campbell, 
2006; Chou, 2012).  Many of these factors were relevant in the past, however it is mobile 
devices and a shift to online learning that have contributed to the significant attention 
drain within the last decade or so (Chou, 2012). Educators need to be aware of this and, 
when designing interventions, avoid using sections that require prolonged periods of 
student’s attention (Campbell, 2006). Although educational organizations may establish 
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policies for use of mobile devices, this may not always be possible because of the 
increasing proliferation of the online education. 
The rapid expansion of the internet gave rise to a new type of a learner commonly 
referred to as a net generation learner (Koohang, 2007). Net generation learners are 
different from the traditional learner because they expect high degree of interactivity 
from learning environment (Koohang, 2007). Reusable learning objects are an ideal to 
satisfy these expectations (Koohang, 2007). Indeed, multiple authors found that higher 
students’ satisfaction with RLO was due to higher levels of interactivity (Hanks & 
Giardino, 2013) These considerations may explain why learners were more satisfied with 
the RLO program as opposed to TDL program that offered lower degree of interactivity.  
 
Conclusion 
The emergence of a new type of learner, so called net-learners, in the early 21st 
century presented significant challenges to the educational industry (Hanks & Giardino, 
2013). Educators working in the field of food safety education were not an exception.  
Educators have been actively experimenting with innovative online educational 
methodologies to satisfy needs of net-learners (Hanks & Giardino, 2013). RLO or TDL 
intervention held a considerable promise to optimize online delivery of the learning 
content (Hanks & Giardino, 2013). 
Many studies have evaluated RLO and TDL interventions in insolation from each 
other (Hanks & Giardino, 2013).  The RLO intervention utilizes granular reusable 
learning objects, while TDL is more of a traditional lecture style presentation. Although 
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the results of comparisons were positive, there was a gap in the literature as to which out 
of the two interventions was the best for attaining educational goals. This study was 
innovative in its attempt to close on gap. Another innovative feature of the study was the 
application of RLO intervention to the education about safe use of plastic food containers 
in a microwave. Notwithstanding the limitations of the research design, the study closed 
the gap in the literature and provided the answer to the question regarding the relative 
effectiveness of RLO and TDL interventions. 
The analysis above indicates that RLO intervention was superior to TDL with 
respect to improvement in symbol recognition, perception subscales and satisfaction with 
the instruction. RLO resulted in greater improvement of symbol recognition scores and 
positively impacted the perceptions of health risks associated with reheating of plastic 
food containers in a microwave. The participants were more satisfied with RLO 
instruction as compared to satisfaction with TDL. The data also does not suggest that 
combining of RLO with TDL does not produce tangible improvements.  
The discussion suggests that RLO were superior to TDL, because the RLO 
provided greater degree of interactivity, was self-contained, small in size, relatively 
context independent and standardized. The granular nature of these objects enables 
learners to master new material with relatively low investment of attention and effort. 
Apparently, these qualities made RLO intervention an attractive choice for net-learners. 
To conclude, the divide and conquer approach to learning may be the main reason behind 
the success of the RLO intervention. The study indicates that people’s perceptions 
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regarding safety of microwave food packaging significantly improved after the 
intervention. 
Both RLO and TDL interventions were designed using HBM principles, the study 
showed that the how HBM constructs changed during the interventions. The results 
showed that there was improvement of symbol recognition scores and positively 
impacted the perceptions of health risks associated with using and reusing of plastic food 
containers in a microwave. 
 
Research Limitations 
The first limitation of the research could be the sampling methodology. The 
ability of participants to self-select may have introduce the sampling bias because 
participants with the strongest opinions or interest are more likely to participate (Howell, 
2016). As a result, their opinions and attitudes tend to be over-represented. High non-
response rates that is typical for online surveys is another threat to the representativeness 
of the sample. These sampling biases are also significant threat to the external validity 
(Howell, 2016). 
The second limitation of the study is high drop-out rate. Only 63% of the 
originally enrolled participants completed the study. Those who were not reachable at 
follow up may be different from those who completed the study. For example, they may 
have perceived learning as being difficult and decided not to continue. Without these 
participants, satisfaction with the instruction may be different as compared to what they 
would have been otherwise. 
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Poorly controlled threat to the internal validity is the third limitation of the study. 
Since the participants were not monitored during the pre-test and post-test period, other 
factors influencing their knowledge and perceptions cannot be ruled out (Howell, 2016). 
For instance, participants may have been talking to each other about the study experience. 
Peer influence may have had significant impact on their satisfaction with the instruction. 
The observed effects or lack of them may be explained not only by the delivered 
interventions, but also by some other factors. 
The fourth limitation is that participants completed identical pre-test and post-test 
surveys (Howell, 2016). This may have biased the results due to recall bias. The recall 
bias may be particularly severe for the RLO+TDL group because it consisted of 
participants who originally completed TDL training. This means that these participants 
may have had to take the same survey three times. In addition, some participants may 
have refused to answer post-test questions out of perception that they were boring and 
unnecessarily repetitive or fear of wrong responses.  
The fifth limitation is that RLO and TDL are not implementation agnostic. It may 
be that RLO turned out to be superior to TDL not because it was inherently better, but 
because it was implemented more effectively. 
The sixth limitation was that the study was unable to discriminate the intrinsic 
effectiveness of RLO intervention from the satisfaction component.  The RLO 
intervention may have been more effective because learners were more satisfied with this 
intervention.  Greater level of satisfaction may have contributed to the longer periods of 
time that students spent learning. Thus, the success of RLO may be explained not with 
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some it its intrinsic educational properties, but by its capability to capture students’ 
attention for longer period of time. 
 
Recommendations for a Future Research 
The future research should address the limitations of this study. First, sampling 
methodology can be improved to reduce biases. Perhaps, a multi-stage sampling 
approach should be utilized to minimize threats to the external validity and sampling 
biases (Howell, 2016). For example, the first stage may involve random selection of 
several schools with individual students being sampled from each school at the second 
stage. At the second stage, individual students additionally, measures to minimize the 
rates of participant dropout should be taken. To do so, researchers may come up with 
creative incentives to ensure that participants complete a study. Alternatively, pre-test 
and post-test surveys could be different to minimize the recall bias. It is essential that the 
future research validates the findings of this study. 
Future research should also focus on approaches to improve RLO instruction. 
That is, changes in presentations of the material or sequence of the delivery can also be 
explored. Since each learning object may include text, image, video, animation, glossary, 
assessment or multimedia, optimization of these components may yield additional 
benefits. Additionally, any future research should consider individual tailoring of RLO. 
For instance, the initial level of participant knowledge may be used to structure the 
intervention received by each participant.  
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This study did not collect or analyze online access statistics. Future studies may 
examine such possibility. Perhaps, tracking the usage pattern produces some insight as to 
which components of an intervention was the most preferred by students and which parts 
they did not like. Such information may be extremely useful for developing future or 




















 Appendix A 
Letter of Information 
Date:  
Dear participant 
You are invited to participate in a research study to test the effectiveness of educational materials 
developed to improve consumer knowledge and attitudes of microwavable plastic.  
If you decide to participate in this study, we will be assigned you randomly to participate in one of our 
study groups. Some participants will be invited to attend a presentation about microwavable plastic, 
followed by post-survey. Some will be received our online infographic, followed by post-survey. The rest 
of participates will receive post–survey after two weeks. (Your response is very important). 
All participants will receive an electronic $5 Starbucks gift card. All information you provide is considered 
completely confidential, your email will only be used to contact you about the study.  
All information you provide is considered completely confidential; participation in this study is voluntary. 
Your email will only be used to contact you about the study. 
If you have any questions about the study, please do not hesitate to contact Najla Khateeb 
(nkhatee@g.clemson.edu ) or Dr. Kay Cooksey (kcookse@clemson.edu).  
Please provide your Clemson email address to receive your $5 Starbucks gift card after a post survey. 
If you choose to participate, you can access the survey by clicking the following link: 
https://www.surveymonkey.com/r/96R3CMN 
Your participation in our study is highly appreciated. 
Sincerely, 
Najla Khateeb 
Ph.D. Student  
Food, Nutrition, and Packaging Sciences 
Poole Agricultural Center 
Dr. Cooksey, Kay 
Committee Chair 
Food, Nutrition, and Packaging Sciences 
Poole Agricultural Center 
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Appendix B 
Consent Form for in Class Presentation 
Date:  
Dear participant 
Thank you for taking our first survey about microwavable. As a part of our study, we are inviting you to attend 
a 15 minutes presentation regarding important information about microwavable plastic. (Your attendance is 
very important). 
 Two weeks after this presentation, you will receive an e-mail to complete an online post-survey. Once you 
finish the post-survey, you will receive your electronic $5 Starbucks gift card.  
Participation in this study is voluntary, if you have any questions, contact me at (nkhatee@g.clemson.edu). 
- Please pick one time that best fits your schedule.
- You don't have to write your name, only write your initials.
- Please provide your email address to receive your $5 Starbucks gift card after a post survey.
Location: Poole Agricultural Center, Room C 227 
Sign up by clicking this link: 
https://doodle.com/poll/ug2bmupmxf3ptqty  




Consent Form for Online Infographic 
Date:  
Dear participant  
Thank you for taking our first survey regarding reusable microwavable plastic. As a part of our study, we are 
inviting you to read our short online infographic about microwavable plastic. (It won’t take more than two 
minutes).   
Read the infographic by clicking this link: http://bit.ly/1pb3iBF 
Two weeks after, you will receive an e-mail to complete our post-survey. (It is very important to open the 
infographic and read it to take the post survey).  
Once you finish the post-survey, you will receive your electronic $5 Starbucks gift card. 
Participation in this study is voluntary, if you have any questions, contact me at nkhatee@g.clemson.edu 
Thank you so much for your time and help! 
Najla Khateeb  
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Appendix D 
Expedited / Full Board Review Application 
Clemson University (CU) Institutional Review Board (IRB) (Version 9.7.2012) 
Clemson University IRB website  
Office use only Protocol Number: IRB2015-385 
Approved  Expedited  Full Board Expiration date: ___________________________ 
______________________________________ ________________________________________ 
Signature of IRB Chair / Designee Date 
Level of Review (Questions 13 & 14 determine if the protocol can be expedited):  Expedited   
Full Board 
1. Developmental Approval: If you already have developmental approval for this research study 
(you should know if you do), please give the IRB protocol number assigned to the study. More 
information available here. 
2. Research Title: The Effectiveness of Educational Intervention on Knowledge, Attitudes 
and Perceptions, About Use and Reuse of Microwaveable Plastic 
If different, title used 
on consent 
document(s) 
If class project, 
include course number 
and title 
3. Principal Investigator (PI): The PI must be a member of the Clemson faculty or staff. You 
cannot be the PI if this is your thesis or dissertation. The PI must have completed IRB-approved 
human research protections training. Training will be verified by IRB staff before approval is 
granted. Training instructions available here. CITI training site available here. 
Name: Kay Cooksey, Ph.D., Committee Chair 
 Faculty 
 Staff 
Department: Food, Nutrition, and Packaging Sciences E-mail: kcookse@clemson.edu
Campus address: 




4. Co-Investigator(s): Co-Investigators must have completed IRB-approved human research 
protections training. Training will be verified by IRB staff before approval is granted. Training 
instructions available here. CITI training site available here. 
Name: Najla Khateeb E-mail: nkhatee@g.clemson.edu
Department: Food, Nutrition, and Packaging Sciences Phone: (864)-353-8081 
 Faculty 
 Staff 
 Graduate student 
 Undergraduate student 





 Graduate student 
 Undergraduate student 
 Other. Please specify. 
5. Additional Research Team Members: All research team members must have completed IRB-
approved human research protections training. Training will be verified by IRB staff before 
approval is granted. Training instructions available here. CITI training site available here. 
 List of additional research team members included. Form available here. 
6. Research Team Roles: Describe the role of each member of the research team (everyone
included in Items 3, 4 and 5), indicating which research activities will be carried out by each
particular member. Team members may be grouped into categories.
Description:
KAY COOKSEY (Project PI) -- provide oversight for the entire study
NAJLA KHATEEB (Ph.D. Student) – develop the data collection protocol, design and pilot
the survey, collect, analyze, and report the survey data and design the Interventions  as part
of  the required of  Ph.D. dissertation.
7. Email Communications: If you would like one or two of your team members (in addition
to the PI) to be copied on all email communications, please list these individuals in the box
below.
Name:  Kay Cooksey, E-mail: kcookse@clemson.edu
Name: Najla Khateeb E-mail: nkhatee@g.clemson.edu
8. Study Purpose: Provide a brief description of the purpose of the study. Use lay language
and avoid technical terms. IRB members not familiar with the area of research must
understand the nature of the research. Upon conclusion of the study, how will you share
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your results (e.g., academic publication, evaluation report to funder, conference 
presentation)? 
Description: The purpose of this study to evaluate the educational materials developed to 
determine its effectiveness in improving consumer knowledge and attitudes of reusable 
microwavable plastic. The intervention utilizes reusable learning objects (RLO) on top of 
traditional didactic lecture (TDL) to assess the knowledge, perceptions, and practices about 
microwaveable plastic food grade of students enrolled to Clemson University.  The results 
will be shared in Mrs. Khateeb’ Ph.D. Dissertation and through a peer-reviewed publication. 
9. Anticipated Dates of Research:
Anticipated start date (may not be prior to IRB approval; may be “upon IRB approval”):
Jan/18/2016
Anticipated completion date (Please include time needed for analysis of individually
identifiable data): March/12/2016
10. Funding Source: Please check all that apply.
Submitted for internal funding
Internally funded
Submitted for external funding
Funding source, if applicable (Do not use initials):
Proposal number (PPN) for the Office of Sponsored Programs:
Name of PI on Funding Proposal:
Externally funded
Funding source, if applicable (Do not use initials):
Proposal number (PPN) for the Office of Sponsored Programs:
Name of PI on Funding Proposal:
Intend to seek funding From whom?
Not funded
11. Support provided by Creative Inquiry Initiative:  Yes   No
If yes, all Creative Inquiry students will be members of the research team, please see item
# 5.
12. Other IRB Approvals:
Has this research study been presented to any other IRB?  Yes   No
Where?       When?
If yes, what was their decision?  Approved   Disapproved   Pending
Please attach a copy of any submissions, approvals, or disapprovals from other IRBs.
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13. Level of Risk: Does this project include any procedures that present more than
minimal risk to the participants? (A project is considered to present minimal risk if
the probability and magnitude of harm or discomfort anticipated in the research are
not greater than those ordinarily encountered in daily life or during the performance
of routine physical or psychological examinations.)
Yes   No
If your study presents no more than minimal risk to participants, your study may be 
eligible for expedited review. 
14. Expedited Review Categories: The Code of Federal Regulations [45 CFR 46.110]
permits research activities in the following seven categories to undergo expedited
review. Please check the relevant expedited category / categories
The Federal Office of Human Research Protections has made Decision Charts
available here to help in determining whether a particular study may be
reviewed using Expedited Review Procedures.
Categories of Research that May Be Reviewed by the 
Institutional Review Board (IRB) through an Expedited Review Procedure 
1. Clinical studies of drugs and medical devices only when condition (a) or (b) is met:
a. Research on drugs for which an investigational new drug application is not required. (Note:
Research on marketed drugs that significantly increase the risks or decrease the
acceptability of the risks associated with the use of the product is not eligible for expedited
review.)
b. Research on medical devices for which 1) an investigational device exemption application
is not required or 2) the medical device is cleared or approved for marketing and the
medical device is being used in accordance with its cleared/approved labeling.
2. Collection of blood samples by finger stick, heel stick, ear stick, or venipuncture as follows:
a. From healthy, non-pregnant adults, who weigh at least 110 pounds. For these subjects, the
amounts drawn may not exceed 550 ml. in an eight week period and collection may not
occur more than two times per week; OR
b. From other adults and children, considering the age, weight, and health of the subjects, the
collection procedure, the amount of blood to be collected, and the frequency with which it
will be collected. For these subjects, the amount may not exceed the lesser of 50 ml. or 3
ml. per kg. in an eight-week period, and collection may not occur more than two times per
week.
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 3. Prospective collection of biological specimens for research purposes by non-invasive means. 
 
Examples: 
 a. hair and nail clippings in a non-disfiguring manner; 
b. deciduous teeth at time of exfoliation or if routine patient care indicates need for extraction; 
c. permanent teeth if routine patient care indicates need for extraction; 
d. excreta and external secretions (including sweat); 
e. uncannulated saliva collected either in an unstimulated fashion or stimulated by chewing 
gum base or wax or by applying a dilute citric solution to the tongue; 
f. placenta removed at delivery; 
g. amniotic fluid obtained at the time of rupture of the membrane prior to or during labor; 
h. supra- and subgingival dental plaque and calculus, provided the collection procedure is not 
more invasive than routine scaling of the teeth and the process is accomplished in 
accordance with accepted prophylactic techniques; 
i. mucosal and skin cells collected by buccal scraping or swab, skin swab, or mouth 
washings; 





4. Collection of data through non-invasive procedures (not involving general anesthesia or 
sedation) routinely employed in clinical practice, excluding procedures involving x-rays or 
microwaves. Where medical devices are employed, they must be cleared/approved for 
marketing. (Studies intended to evaluate the safety and effectiveness of the medical device are 




 a. physical sensors that are applied either to the surface of the body or at a distance and do not 
involve input of significant amounts of energy into the subject or an invasion of the 
subject’s privacy; 
b. weighing or testing sensory acuity; 
c. magnetic resonance imaging; 
d. electrocardiography, electroencephalography, thermography, detection of naturally 
occurring radioactivity, electroretinography, ultrasound, diagnostic infrared imaging, 
Doppler blood flow and echocardiography, 
e. moderate exercise, muscular strength testing, body composition assessment, and flexibility 





5. Research involving materials (data, documents, records, or specimens) that have been collected 











7. Research on individual or group characteristics, behavior (including, but not limited to, 
research on perception, cognition, motivation, identity, language, communication, cultural 
beliefs or practices, and social behavior), or research employing survey, interview, oral history, 




15. Study Sample: (Groups specifically targeted for study) 
 
Describe the participants you plan to recruit and the criteria used in the selection process. 
Indicate if there are any special inclusion or exclusion criteria. 
 
Description: I will be using a convenience sample and students enrolled at Clemson 
University will be contacted with the request to participate. 
Age range of participants: 18-55 Projected number of participants: 200 
  Employees  Students  Minors (under 18 in SC, may differ 
elsewhere) 1, 2 
    
  Pregnant women 
1 
 Fetuses / neonates 1, 
2 
 Educationally / economically disadvantaged 1 
    
  Minors who are wards of the state, or any 
other agency, institution, or entity 1, 2 
 Individuals who are incarcerated 1, 3 
  
  Persons incompetent to give valid consent 1 
   
  Other–specify:        military personnel 
    
1 State necessity for using this type of participant:       
2 Please note that research involving children (minors) requires submission of a Child 
Research Addendum. Further information about this addendum is given at the end of 
this application. 
3 Please note that research involving prisoners (incarcerated individuals) requires 
submission of a Prisoner Research Addendum. Further information about this 
addendum is given at the end of this application. 
16. Study Locations: 
 
 Clemson University     Other University / College       
 
 School System / Individual Schools        Other – specify       
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You may need to obtain permission if participants will be recruited or data will be 
obtained through schools, employers, or community organizations. Are you required 
to obtain permission to gain access to people or to access data that are not publicly 
available? If yes, provide a research site letter from a person authorized to give you 
access to the participants or to the data. Guidance regarding Research Site Letters is 
available here. 
 
 Research Site Letter(s) not required. 
 Research Site Letter(s) attached. 
 Research Site Letter(s) pending and will be provided when obtained. 
 
17. Recruitment Method: 
 
Describe how research participants will be recruited in the study. How will you 
identify potential participants? How will you contact them? Attach a copy of any 
material you will use to recruit participants (e.g., advertisements, flyers, 
telephone scripts, verbal recruitment, cover letters, or follow-up reminders). 
 
Description: Students will be invited to take survey using a list of email addresses of 
all Clemson university students obtained from the Office of Institutional Research. 
Each student will be emailed with information letter. All the information about the 
study will provide to the participants, such as the purpose of the study, the statement 
of confidentiality, list of benefits of participation and explanation of what the study 
will require.  
 
18. Participant Incentives: 
 
a. Will you pay participants?  Yes   No 
   Amount: $      When will money be paid?:       
 
b. Will you give participants incentives / gifts / reimbursements?  Yes   No 
   Describe incentives / gifts / reimbursements: Starbucks gift card 
   Value of incentives / gifts / reimbursements: $5.00 
   When will incentives / gifts / reimbursements be given?: After the survey is 
closed, and after the completion of the interventions.  
 
c. Will participants receive course credit?  Yes   No 
 
d. Will participants receive extra credit?  Yes   No 
  If YES, an equivalent alternative to research participation must be provided and 
described in your informed consent document(s). 
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19. Informed Consent: 
 
If all of your participants will be children, please skip this question (19) and 
complete the Child Research Addendum (available here). If you will have both 
children and adults as participants in your study, please complete this question (for 
the adult participants) AND the Child Research Addendum (for the child 
participants). 
 
a. Will you use concealment or deception in this study?  Yes   No 
If YES, please see guidance regarding Research Involving Deception or 
Concealment here, submit a copy of the Additional Pertinent Information / 
Permission for Use of Data Collected in a Research Study form you will use, 
and request a waiver of some elements of consent below [see 19(e)]. 
 
b. Do you plan to obtain informed consent from all your adult research 
participants (and / or legally authorized representatives for adult participants 
with diminished capacity)? 
 
1) Yes   No   N/A 
If YES, please skip to question 19(c). 
Please submit all applicable Informed Consent documents with application (e.g., 
adult consent forms, informational letters, verbal consent scripts). 
Consent Document Templates 
If NO, please proceed with questions 19(b)(2)-19(b)(4) to request a waiver of 
informed consent. 
If N/A, please explain and skip to question 20.       
2) For what groups will you need this waiver of informed consent? 
  for all participants   for some participants (describe for which participants):       
3) Please explain the need for the waiver. 
4) As provided in 45 CFR 46.116(d), an IRB may waive the requirement for the 
investigator to obtain informed consent from research participants if it finds 
that all of the following criteria are met. Please explain how your study meets 
each of the criteria below: 
 
Criteria for Waiver of Consent How is this criterion met within this 
study? 
The research involves no more than 
minimal risk to subjects. 
      
The waiver will not adversely affect the 
rights and welfare of the subjects. 
      
The research could not be carried out 
practicably without the waiver. 
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Whenever appropriate, the subjects will be 
provided with additional pertinent 
information after they have participated in 
the study. 
      
If you completed questions 19(b)(2)-19(b)(4) for all adult research participants, 
please skip to question 20. 
 
c. Who will obtain the participants’ consent? Check all that apply: 
 Principal Investigator  Co-Investigator  Other Research Team Members 
 Contracted / Hired Data Collection Firm:       
 Other:       
d. Will you collect participants’ signatures on all consent documents? 
1)  Yes   No 
If YES, please skip to question 19(e). 
 
If NO, please proceed with questions 19(d)(2)-19(d)(3) to request a waiver of 
documentation (signature). 
2) For what groups will you need this waiver of documentation? 
  for all participants   for some participants (describe for which participants):       
 
3) As provided in 45 CFR 46.117(c), an IRB may waive the requirement for the 
investigator to obtain a signed consent form for some or all participants if it 
finds that one of the following sets of criteria is met. Please check ONE box 
below to indicate which set of criteria is met by this study: 
 
 That the research presents no more than minimal risk of harm to subjects and involves 
no procedure for which written consent is normally required outside of the research 
context. 
  
 That the only record linking the subject and the research would be the consent 
document and the principal risk would be potential harm resulting from a breach of 
confidentiality. If the subject wants documentation linking the subject with the 
research, the subject’s wishes will govern. 
 
e. Do you plan to use all of the consent elements in all your consent documents or 
procedures (see list below)? 
1)  Yes   No 
If YES, please skip to question 20. 
 
If NO, please proceed with questions 19(e)(2)-19(e)(5) to request a waiver of 
some elements of consent. 
 
2) For what groups will you need this waiver of some consent elements? 
  for all participants   for some participants (describe for which participants):       
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3) Please explain the need for the waiver request. 
4) A list of consent elements is given below. Please indicate which of these 
elements you would like to have waived. (In the case of a study involving 
deception or concealment, the IRB must waive the requirement to use all 
elements that are not truthfully presented in the initial consent document.) 
 
List of Elements of Informed Consent 










participation involves research 
purposes of the research 
duration of participation 
procedures to be followed 
identification of experimental 
procedures 
foreseeable risks / discomforts 
benefits to subjects or others 
appropriate alternatives 











maintenance of confidentiality 
for more than minimal risk research, 
compensation / treatment available in case of 
injury 
voluntariness of participation 
no penalty for refusal to participate 
may discontinue participation without penalty 
disposition of data already collected, upon 
withdrawal of participant 
contact for questions about research 
contact for questions about participants’ rights 
    
5) As provided in 45 CFR 46.116(d), an IRB may waive the requirement for the 
investigator to present all consent elements to participants if it finds that all of 
the following criteria are met. Please explain how your study meets each of 
the criteria below: 
 
Criteria for Waiver of Elements of 
Consent 
How is this criterion met within this 
study? 
The research involves no more than 
minimal risk to subjects. 
      
The waiver will not adversely affect the 
rights and welfare of the subjects. 
      
The research could not be carried out 
practicably without the waiver. 
      
Whenever appropriate, the subjects will be 
provided with additional pertinent 
information after they have participated in 
the study. 
      
Please make sure to submit all Informed Consent documents (i.e., adult consent forms, 
informa-tional letters, and / or verbal consent scripts) for which elements of consent are 






What data will you collect? The questionnaire will consist of four main parts for collection 
of data, demographic characteristics of the target population, their knowledge about plastic 
food packaging containers, and their attitudes for the reuse of food plastic containers, and 




Please describe in detail the process each participant will experience and how you will 
obtain the data. Students enrolled to Clemson University will be contacted with the request 
to participate via e-mail with link to pre-survey (N=200). After completing the online pre-
survey, participants will be randomized into 4 groups: control, Traditional Didactic Lecture 
(TDL), Reusable Learning Objects (RLO), and RLO+TDLgroups.  
 
The control group will receive an e-mail to complete the online post-survey approximately 
two weeks after completing pre-survey. The post-survey will be the same as TDL and RLO 
groups without the educational methods section added. They will not attend the in-person 
educational session. 
 
The 3 experimental groups (TDL, RLO, and TDL+RLO) will be sent an e-mail to attend an 
in-person educational session. Approximately two weeks after session, they will receive an 
e-mail to complete the online post-survey.  Each session is expected to between 10 and 15 
minutes. The interventions will be in the department of Food, Nutrition, and Packaging 
Sciences, Poole Agricultural Center. The TDL educational intervention will feature 
PowerPoint presentation. RLO group will be presented with an infographic (Information 
graphics). Infographic is graphic visual representations of data that are intended to present 
complex information quickly and clearly.TDL+RLO group with receive a PowerPoint and 
infographic presentation. 
 
The pre and post survey will be linked by participants' email addresses. Those who 
completed the study will be received 5$ Starbucks gift card. The survey will be posted for 
six weeks on the survey webpage.    
 
 c.   How many participation sessions and how much time will be required for each participant, 
including follow-up sessions? The procedures of this study will take approximately 1 hour 
((pre-survey 10 minutes, education session approximately 10-20 minutes and the post-
survey 10 minutes). No follow-up sessions.      
 
d. How will you collect data? 
 in-person contact  telephone 
 snail mail   email 
 website   other, describe       
 
Please include copies of surveys, interview questions, data collection tools and 
debriefing statements. If survey or interview questions have not been fully developed, 
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provide information on the types of questions to be asked, or a description of the 
parameters of the survey / interview. Please note: finalized survey or interview 
instruments will need to be reviewed and approved by amendment, before 
implementation. 
 
e. Will you audio record participants?  Yes   No 
f. Will you video record participants?  Yes   No 
g. Will you photograph participants?  Yes   No 
If you will audio or video record or take identifiable photographs of participants, 
please consult the IRB’s Guidance on the Use of Audio / Video Recording and 
Photography here. Please include all the information addressed by this guidance 
document in the application and, where appropriate, in the consent document(s). 
 
21. Protection of Confidentiality: Describe the security measures you will take to 
protect the confidentiality of the information obtained. Will participants be 
identifiable either by name or through demographic data? If yes, how will you protect 
the identity of the participants and their responses? Where will the data be stored and 
how will it be secured? Who will have access to the data? How will identifiers be 
maintained or destroyed after the study is completed? 
 
Description: All data will be entered into SPSS.  E-mail addresses will be collected 
to link the pre and post surveys but all identifiers will be removed after data analysis. 
All complete surveys will be stored securely and will be made available only to 
persons conducting the study. No reference will be made in oral or written reports 
that could link the contact information of the respondents to the study. All data will 
be destroyed at the end of the study. 
 
22. Risk / Benefit Analysis: 
 
a. Describe all potential risks (before protective measures are put into place) and 
benefits for this study. Risks can include physical, psychological, social, legal or 
other risks connected with the proposed procedures. Benefits can include benefits to 
the participant or to society in general. 
 
Description: None 
b. Describe the procedures to be used to protect against or minimize potential risks. 




23. Agreement, Statement of Assurance, and Conflict of Interest Statement by the 
PI: 
 
I have reviewed this research protocol and the consent form, if applicable. I have also 
evaluated the scientific merit and potential value of the proposed research study, as 
well as the plan for protecting human participants. I have read the Terms of 
Assurance held by Clemson University and commit to abiding by the provisions of 
the Assurance and the determinations of the IRB. I request approval of this research 
study by the IRB of Clemson University. 
 
I understand that failure to adhere to any of these guidelines may result in immediate 
termination of the research. I also understand that approval of this research study is 
contingent upon my agreement to: 
 
1. Report to the IRB any adverse events, research-related injuries or unexpected 
problems affecting the rights or safety of research participants (All such 
occurrences must be reported to the IRB within three (3) working days.); 
2. Submit in writing for IRB approval any proposed revisions or amendments to 
this research study; 
3. Submit timely continuing review reports of this research as requested by the 
IRB; and 
4. Notify the IRB upon completion of this research study. 
 
Conflict of Interest Statement: 
Could the results of the study provide an actual or potential financial gain to 
you, a member of your family, or any of the co-investigators, or give the 




 Yes. I agree to disclose any actual or potential conflict of interest prior to 
IRB action on this study. 
 Financial Conflict of Interest Policy for PHS / NIH Supported Research 
 Financial Disclosure Policy for All Other Sponsored Programs  
 Disclosure Statement for All Other Sponsored Programs 
 
_____________________________________  ________________________ 
Signature of Principal Investigator     Date 
24. Statement of Assurance by Department Chair (or supervisor if PI is Department 
Chair): 
I have reviewed this research protocol and the consent form, if applicable. I verify 
this proposed research study has received approval in accordance with department 
procedures. I have evaluated the plan for protecting human participants. I have read 
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the Terms of Assurance held by Clemson University and commit to abiding by the 
provisions of the Assurance and the determinations of the IRB. I request approval of 
this research study by the IRB of Clemson University. 
 
Department Chair or supervisor if PI is Department Chair (Printed Name) 
 
___________________________________ ________________________ 
Signature of Department Chair  Date 
 
Submission Instructions: 
Expedited applications are processed as received. There is no deadline for submitting 
expedited applications for review. Please allow three weeks for processing. 
 
Full Board applications are accepted according to the schedule given here. Researchers 
are encouraged to attend the meeting at which their protocol will be reviewed, in order to 
be available to answer any questions IRB members might have about the protocol. 
 
Please submit this application and all associated documents electronically to the IRB 
staff. In addition, please submit a signed, hard-copy of the application via mail or 
delivery to the Office of Research Compliance, 223 Brackett Hall, Clemson, SC 29634-
5704. Alternatively, you may fax the signed copy to 864-656-4475 or scan and email to 
irb@clemson.edu. 
 
Child (Minor) Research Addendum: 
If your study involves children / minors as participants, click here to complete the Child 
Research Addendum. Once completed, please submit the Addendum with your Expedited 
/ Full Board Review Application. 
 
Prisoner (Incarcerated Individuals) Research Addendum: 
If your study involves individuals who are incarcerated as participants, click here to 
complete the Prisoner Research Addendum. Once completed, please submit the 







Online Pre - Survey  
Use and Reuse of Microwavable plastic 
INTRODUCTION 
You are invited to participate in a research study to test the effectiveness of educational materials 
developed to improve consumer knowledge and attitudes of microwavable plastic. The goal of this study is 
to determine if consumers need to have better comprehension on safe use and reuse of food microwavable 
plastic containers. Please help us by taking a few minutes to complete a short survey. We intend to use the 
information we collect to develop strategies of providing better education to consumers. 
 
We do not know of any risks or discomforts to you in this research study. All information you provide is 
considered completely confidential; your name will not be included or in any other way publicly associated 
with the study.  
 
If you have any questions about the survey or any problems arise, please do not hesitate to contact Najla 
Khateeb (nkhatee@g.clemson.edu) or Dr. Kay Cooksey (kcookse@clemson.edu).   
 
If you have any questions about your rights as a research participant, please contact the Clemson University 
Office of Research Compliance at irb@clemson.edu or (864) 656-0636.  
 





• Please read each question or statement CAREFULLY. 
• Please answer ALL the questions and DO NOT skip any question, your answer is very important.  






















What is the meaning of the following plastic container symbols used in food grade plastics? 
(Please check all that apply) 
symbol Meaning 
1. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
2. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack
3. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack
4. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack
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KNOWLEDGE ABOUT FOOD PACKAGING 





 7 times or more
6. What is the purpose of packaging in your opinion? (Please check all that apply)
 Extend shelf life for Storage and preserve food
 Protect food and keep it safe from contamination
 Advertising
 Convenience such as for  transportation and storing
 All of the above.
7. Where would you look to find information on the different types of chemicals and compounds added to
plastic and other packaging materials? (Please check all that apply)
 Internet
 Manufacturers of different products
 Government agencies
 Personal knowledge or education
 Educational materials
 I have not come across such information
 Other ________________________________
8. Does the packaging containers include information regarding safety and use?
 No, never
 Yes, but hard to fined
 Yes, easy to fined
 I don’t know
9. I am confident in my knowledge of food package safety.
 Yes, very confident
 Yes, some what
 No, not at all
 Not sure
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 PRACTICES  
 Please chose your response to the following statements. (Check your response from never to always). 
Never Rarely Sometimes Very Often Always 
10. I look for plastic symbols before I use
and reuse any packaging containers
11. I read the safety information before use
and reusing any packaging
containers. 
12. I heat food in plastic bags using the
microwave.
13. I reuse plastic containers to heat food
using microwave.
14. I reuse plastic takeout containers to
heat food.
15. I use plastic wrap to cover food in the
microwave.
16. I microwave in all types of packaging
regardless of the type of material.
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PERCEPTIONS 
Please check your level of agreement for each of the following statements. (Check your response from strongly 











17. Food packaging materials
could have a negative
impact on our body 
18. There are health risks with
reusing food plastic
containers
19. I avoid health risks by buying
foods in plastic containers
labeled for microwave use.
20. I am afraid to reuse all plastic
containers in food
preparation




Please check the category which applies to you. Do not check more than one category. 
1. What is your gender?
 Female
 Male
 Prefer not to answer





 50 and over
 Prefer not to answer
3. How do you describe yourself?
 Black, not of Hispanic origin
 White, not of Hispanic origin
 Hispanic/Latino
 Asian or Pacific Islander
 American Indian/Alaskan Native
 Other_____________________
 Prefer not to answer








 Prefer not to answer
5. How do you describe where do you live?
 Family home
 Home stay (Host family for international students to live with local families)
 University dorms
 Off campus housing
 Other _____________________
 Prefer not to answer




Online Post - Survey for Control Group 
Use and Reuse of Microwavable plastic 
INTRODUCTION 
On February, 11, 2016, we sent an invitation asked you to participate in our first survey about 
microwavable plastic. You have been chosen to participate in our study by inserting your email in our first 
survey.    
As a part of our study, we assigned you randomly to take our post- survey. (Your response is very 
important). Once you finish the post-survey, you will receive your electronic $5 Starbucks gift card. 
If you have any questions about the survey or any problems arise, please do not hesitate to contact Najla 
Khateeb (nkhatee@g.clemson.edu) or Dr. Kay Cooksey (kcookse@clemson.edu).   
If you have any questions about your rights as a research participant, please contact the Clemson University 
Office of Research Compliance at irb@clemson.edu or (864) 656-0636.  
Instruction: 
• Please read each question or statement CAREFULLY.
• Please answer ALL the questions and DO NOT skip any question, your answer is very important.




What is the meaning of the following plastic container symbols used in food grade plastics? 
(Please check all that apply) 
symbol Meaning 
1. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
2. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
3. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
4. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
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KNOWLEDGE ABOUT FOOD PACKAGING 





 7 times or more
6. What is the purpose of packaging in your opinion? (Please check all that apply)
 Extend shelf life for Storage and preserve food
 Protect food and keep it safe from contamination
 Advertising
 Convenience such as for  transportation and storing
 All of the above.
7. Where would you look to find information on the different types of chemicals and compounds added to
plastic and other packaging materials? (Please check all that apply)
 Internet
 Manufacturers of different products
 Government agencies
 Personal knowledge or education
 Educational materials
 I have not come across such information
 Other ________________________________
8. Does the packaging containers include information regarding safety and use?
 No, never
 Yes, but hard to fined
 Yes, easy to fined
 I don’t know
9. I am confident in my knowledge of food package safety.
 Yes, very confident
 Yes, some what
 No, not at all
 Not sure
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 PRACTICES  
 Pleas chose your response to the following statements. (Check your response from never to always). 
Never Rarely Sometimes Very Often Always 
10. I look for plastic symbols before I
use and reuse any packaging
containers 
11. I read the safety information before
use and reusing any packaging
containers. 
12. I heat food in plastic bags using the
microwave.
13. I reuse plastic containers to heat
food using microwave.
14. I reuse plastic takeout containers to
heat food.
15. I use plastic wrap to cover food in
the microwave.
16. I microwave in all types of





Please check your level of agreement for each of the following statements. (Check your response from strongly 












17. Food packaging 
materials could have a 
negative impact on our 
body 
     
 
18. There are health risks 
with reusing food plastic 
containers  
     
 
19. I avoid health risks by 
buying foods in plastic 
containers labeled for 
microwave use. 
     
 
20. I am afraid to reuse all 
plastic containers in 
food preparation 
     
 
21. Food plastic containers 
can cause cancer 































Please check the category which applies to you. Do not check more than one category. 
1. What is your gender?
 Female
 Male
 Prefer not to answer





 50 and over
 Prefer not to answer
3. How do you describe yourself?
 Black, not of Hispanic origin
 White, not of Hispanic origin
 Hispanic/Latino
 Asian or Pacific Islander
 American Indian/Alaskan Native
 Other_____________________
 Prefer not to answer








 Prefer not to answer
5. How do you describe where do you live?
 Family home
 Home stay (Host family for international students to live with local families)
 University dorms
 Off campus housing
 Other _____________________
 Prefer not to answer




Online Post - Survey for RLO Group (Online Infographic) 
Use and Reuse of Microwavable plastic 
INTRODUCTION 
Thank you so much for reading our online infographic about microwavable plastic. 
We hope that you found our infographic to be both interesting and informative. 
As a part of our study, we are inviting you to take our short online post – survey about the infographic. 
(Your response is very important).  
If you have any questions about the survey or any problems arise, please do not hesitate to contact Najla 
Khateeb (nkhatee@g.clemson.edu) or Dr. Kay Cooksey (kcookse@clemson.edu).   
If you have any questions about your rights as a research participant, please contact the Clemson University 
Office of Research Compliance at irb@clemson.edu or (864) 656-0636.  
Instruction: 
• Please read each question or statement CAREFULLY.
• Please answer ALL the questions and DO NOT skip any question, your answer is very important.




What is the meaning of the following plastic container symbols used in food grade plastics? 
(Please check all that apply) 
symbol Meaning 
1. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
e. This plastic is safe for dishwasher top rack.
2. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack
3. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
4. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
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KNOWLEDGE ABOUT FOOD PACKAGING 





 7 times or more
6. What is the purpose of packaging in your opinion? (Please check all that apply)
 Extend shelf life for Storage and preserve food
 Protect food and keep it safe from contamination
 Advertising
 Convenience such as for  transportation and storing
 All of the above.
7. Where would you look to find information on the different types of chemicals and compounds added to
plastic and other packaging materials? (Please check all that apply)
 Internet
 Manufacturers of different products
 Government agencies
 Personal knowledge or education
 Educational materials
 I have not come across such information
 Other ________________________________
8. Does the packaging containers include information regarding safety and use?
 No, never
 Yes, but hard to fined
 Yes, easy to fined
 I don’t know
9. I am confident in my knowledge of food package safety.
 Yes, very confident
 Yes, some what




Pleas chose your response to the following statements. (Check your response from never to always). 
Never Rarely Sometimes Very Often Always 
9. I look for plastic symbols before I use
and  reuse any packaging containers 
10. I look for plastic symbols before I use
and reuse any packaging containers
11. I read the safety information before
reusing any packaging containers.
12. I heat food in plastic bags using the
microwave.
13. I use and reuse plastic containers to
heat food using microwave.
14. I reuse plastic takeout containers to heat
food.
15. I use plastic wrap to cover food in the
microwave.
16. I microwave in all types of packaging
regardless of the type of material.
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PERCEPTIONS 
Please check your level of agreement for each of the following statements. (Check your response from strongly 













negative impact on our 
body 
18. There are health risks
with reusing food plastic 
containers
19. I avoid health risks by
buying foods in plastic
containers labeled for
microwave use.
20. I am afraid to reuse all
plastic containers in
microwave.




The infographic Assessment  






Nor  Disagree 
Agree Strongly Agree 
22. The infographic self-assessment
helped me gauge how well I’d
understood the materials.
23. I will use the infographic again to
refresh my memory.
24. The infographic integrated well
with the module and other teaching
sessions.
25. The infographic was interesting and
engaging.
26. I needed more support to
understand the infographic
content. 
27. The infographic was pitched at the
right level for me.
28. I like the idea that I can access the
infographic whenever I want.
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DEMOGRAPHICS 
Please check the category which applies to you. Do not check more than one category. 
 
1.  What is your gender? 
 Female 
 Male  
 Prefer not to answer  
 
2.  How old are you? 




 50 and over 
 Prefer not to answer 
 
3. How do you describe yourself? 
 Black, not of Hispanic origin 
 White, not of Hispanic origin 
 Hispanic/Latino 
 Asian or Pacific Islander 
 American Indian/Alaskan Native 
 Other_____________________  
 Prefer not to answer 
 
4. What is your highest level of education? 
 High school  
 Some college 
 Bachelor’s degree 
 Master’s degree 
 Doctoral degree 
 Professional degree  
 Other_____________________ 
 Prefer not to answer 
 
5. How do you describe where do you live? 
 Family home 
 Home stay (Host family for international students to live with local families) 
 University dorms  
 Off campus housing 
 Other _____________________ 







Online Post - Survey for LTD Group (In Class Presentation) 
Use and Reuse of Microwavable plastic 
INTRODUCTION 
Thank you so much for attending our presentation about microwavable plastic. 
It was an honor to have you in attendance. We appreciate your taking time from your busy schedule to join 
us.  I hope that you found our presentation to be both interesting and informative. 
As a part of our study, we are inviting you to take our short online post – survey about the presentation. 
(Your response is very important). Once you finish the post-survey, you will receive your electronic $5 
Starbucks gift card 
If you have any questions about the survey or any problems arise, please do not hesitate to contact Najla 
Khateeb (nkhatee@g.clemson.edu) or Dr. Kay Cooksey (kcookse@clemson.edu).   
If you have any questions about your rights as a research participant, please contact the Clemson University 
Office of Research Compliance at irb@clemson.edu or (864) 656-0636.  
Instruction: 
• Please read each question or statement CAREFULLY.
• Please answer ALL the questions and DO NOT skip any question, your answer is very important.




What is the meaning of the following plastic container symbols used in food grade plastics? 






a. This plastic is safe for contact with food. 
b. This plastic is safe for use in freezer. 
c. This plastic is safe for microwave. 




a. This plastic is safe for contact with food. 
b. This plastic is safe for use in freezer. 
c. This plastic is safe for microwave. 





a. This plastic is safe for contact with food. 
b. This plastic is safe for use in freezer. 
c. This plastic is safe for microwave. 




a. This plastic is safe for contact with food. 
b. This plastic is safe for use in freezer. 
c. This plastic is safe for microwave. 



















KNOWLEDGE ABOUT FOOD PACKAGING 





 7 times or more
6. What is the purpose of packaging in your opinion? (Please check all that apply)
 Extend shelf life for Storage and preserve food
 Protect food and keep it safe from contamination
 Advertising
 Convenience such as for  transportation and storing
 All of the above.
7. Where would you look to find information on the different types of chemicals and compounds added to
plastic and other packaging materials? (Please check all that apply)
 Internet
 Manufacturers of different products
 Government agencies
 Personal knowledge or education
 Educational materials
 I have not come across such information
 Other ________________________________
8. Does the packaging containers include information regarding safety and use?
 No, never
 Yes, but hard to fined
 Yes, easy to fined
 I don’t know
9. I am confident in my knowledge of food package safety.
 Yes, very confident
 Yes, some what




Pleas chose your response to the following statements. (Check your response from never to always). 
Never Rarely Sometimes Very Often Always 
10. I look for plastic symbols before I use
and reuse any packaging containers
11. I read the safety information before use
and reuse any packaging containers.
12. I heat food in plastic bags using the
microwave.
13. I reuse plastic containers to heat food
using microwave.
14. I reuse plastic takeout containers to heat
food.
15. I use plastic wrap to cover food in the
microwave.
16. I microwave in all types of packaging
regardless of the type of material.
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PERCEPTIONS 
Please check your level of agreement for each of the following statements. (Check your response from strongly 










17. Food packaging materials have a
negative impact on our body
18. There are health risks with reusing
food plastic containers
19. I avoid health risks by buying
foods in plastic containers labeled
for microwave use.
20. I am afraid to reuse all plastic
containers in food preparation




The Presentation Assessment  










22. The presentation self-assessment
helped me gauge how well I
understood the materials.
23. I will use the presentation again to
refresh my memory.
24. The presentation integrated well
with the module and other teaching
sessions.
25. The presentation was interesting
and engaging.
26. I needed more support to
understand the lecturer content.
27. The presentation was pitched at the
right level for me.
28. I like the idea that I can access the
presentation whenever I want.
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DEMOGRAPHICS 
Please check the category which applies to you. Do not check more than one category. 
1. What is your gender?
 Female
 Male
 Prefer not to answer





 50 and over
 Prefer not to answer
3. How do you describe yourself?
 Black, not of Hispanic origin
 White, not of Hispanic origin
 Hispanic/Latino
 Asian or Pacific Islander
 American Indian/Alaskan Native
 Other_____________________
 Prefer not to answer








 Prefer not to answer
5. How do you describe where do you live?
 Family home
 Home stay (Host family for international students to live with local families)
 University dorms
 Off campus housing
 Other _____________________
 Prefer not to answer
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Appendix I 
Online Post - Survey for RLO + LTD Group (Online Infographic + In Class Presentation) 
Use and Reuse of Microwavable plastic 
INTRODUCTION 
Thank you so much for reading our online infographic about microwavable plastic. 
We hope that you found our infographic to be both interesting and informative. 
As a part of our study, we are inviting you to take our short online post – survey about the infographic and 
Presentation. (Your response is very important).  
Once you finish the post-survey, you will receive your electronic $5 Starbucks gift card. 
If you have any questions about the survey or any problems arise, please do not hesitate to contact Najla 
Khateeb (nkhatee@g.clemson.edu) or Dr. Kay Cooksey (kcookse@clemson.edu).   
If you have any questions about your rights as a research participant, please contact the Clemson University 
Office of Research Compliance at irb@clemson.edu or (864) 656-0636.  
Instruction: 
• Please read each question or statement CAREFULLY.
• Please answer ALL the questions and DO NOT skip any question, your answer is very important.




What is the meaning of the following plastic container symbols used in food grade plastics? 
(Please check all that apply) 
symbol Meaning 
1. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
2. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
3. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
4. 
a. This plastic is safe for contact with food.
b. This plastic is safe for use in freezer.
c. This plastic is safe for microwave.
d. This plastic is safe for dishwasher top rack.
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KNOWLEDGE ABOUT FOOD PACKAGING 





 7 times or more
6. What is the purpose of packaging in your opinion? (Please check all that apply)
 Extend shelf life for Storage and preserve food
 Protect food and keep it safe from contamination
 Advertising
 Convenience such as for  transportation and storing
 All of the above.
7. Where would you look to find information on the different types of chemicals and compounds added to
plastic and other packaging materials? (Please check all that apply)
 Internet
 Manufacturers of different products
 Government agencies
 Personal knowledge or education
 Educational materials
 I have not come across such information
 Other ________________________________
8. Does the packaging containers include information regarding safety and use?
 No, never
 Yes, but hard to fined
 Yes, easy to fined
 I don’t know
9. I am confident in my knowledge of food package safety.
 Yes, very confident
 Yes, some what




Pleas chose your response to the following statements. (Check your response from never to always). 
Never Rarely Sometimes Very Often Always 
10. I look for plastic symbols before I use and
reuse any packaging containers
11. I read the safety information before use and
reuse any packaging containers.
12. I heat food in plastic bags using the
microwave.
13. I use and reuse plastic containers to heat food
using microwave.
14. I reuse plastic takeout containers to heat food.
15. I use plastic wrap to cover food in the
microwave.
16. I microwave in all types of packaging
regardless of the type of material.
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PERCEPTIONS 
Please check your level of agreement for each of the following statements. (Check your response from strongly 











17. Food packaging materials have 
a negative impact on our 
body 
     
 
18. There are health risks with 
reusing food plastic containers       
 
19. I avoid health risks by buying 
foods in plastic containers 
labeled for microwave use. 
     
 
20. I am afraid to reuse all plastic 
containers in microwave.      
 
21. Food plastic containers can 
cause cancer 

































EDUCATIONAL METHODS  
The infographic +The Presentation 










22. The infographic self-assessment helped me
gauge how well I understood the materials.
23. I will use the infographic again to refresh my
memory.
24. The infographic integrated well with the
module and other teaching sessions.
25. The infographic was interesting and
engaging.
26. I needed more support to understand the
infographic content.
27. The infographic was pitched at the right level
for me.
28. I like the idea that I can access the
infographic whenever I want.
29. The presentation self-assessment helped me
gauge how well I understood the materials.
30. I will use the presentation again to refresh my
memory.
31. The presentation integrated well with the
module and other teaching sessions.
32. The presentation was interesting and
engaging.
33. I needed more support to understand the
lecturer content.
34. The presentation was pitched at the right
level for me.
35. I like the idea that I can access the
presentation whenever I want.
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DEMOGRAPHICS 
Please check the category which applies to you. Do not check more than one category. 
1. What is your gender?
 Female
 Male
 Prefer not to answer





 50 and over
 Prefer not to answer
3. How do you describe yourself?
 Black, not of Hispanic origin
 White, not of Hispanic origin
 Hispanic/Latino
 Asian or Pacific Islander
 American Indian/Alaskan Native
 Other_____________________
 Prefer not to answer








 Prefer not to answer
5. How do you describe where do you live?
 Family home
 Home stay (Host family for international students to live with local families)
 University dorms
 Off campus housing
 Other _____________________
 Prefer not to answer
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Appendix J 
Online Intervention (Infographic) 
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